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Introduction

It is no secret that escalating costs of
energy are a growing menace to farm profit and
loss statements. Substantial savings can result,
though, from facing these costs head on—by ap-
plying conservation measures and taking full ag-
vantage of farm energy resources, including
manure. The organic matter in manure is a form
of stored solar energy, which can be unleashed
as gas 10 help meet farm energy needs. In many
cases, biogas can play a role in improving profit-
ability and helping to achieve relative enerqgy
independence for the farm.

This book is for livestock and poultry
farmers, students, county agents, energy advi-
sors, and others interested in biogas. It is de-
signed for people with a basic kKnowledge of
tarm operations. The purpose is to provide an
understanding of how biogas can be produced
and used, and to set a frame of reference for
assessing the operations that make sense for
biogas production. This material is not intended
as a system design or operations guide, how-
ever. Professional help is advised for planning
and designing individual applications. Sources
of assistance and more advanced and detailed
information begin on page 25.

Biogas Defined

Biogas is a mixture of methane, carbon
dioxide, water vapor, and traces of other gases
produced by bacteria when organic materials
decay in the absence of oxygen. The process is .
called anaerobic digestion, in contrast to
aerobic digestion which means decay in the
presence of oxygen (as in a compost pile). An-
aerobic digestion occurs in two stages. In the
first stage, a fast-growing group of bacteria,
called acid formers, breaks down organic matter

into a variety of organic acids. In the second
stage, a slower growing group of bacteria, called
methane formers, converts these organic acids
1o methane and carbon dioxide.

Methane, the principal component of natural
gas, contains about 1,000 Btu/ft* under stan-
dard conditions. (A Btu is the amount of heat
energy necessary to raise the temperature of
one pound of water one degree Fahrenheit, or it
can be thought of as roughly the amount of
energy yielded by burning one kitchen match.)
Biogas is approximately 60% methane and can
be used as a substitute for natural gas.
However, because only the methane portion will
burn, biogas contains about 600 Btu/ft®.

1000 ft* of biogas 600 ft* of natural gas

6.6 gal of propane

5.9 gal of butane

4.7 gal of gasoline

4.3 gal of #2 fuel oil

44 |b of bituminous coal
100 1b of medium-dry wood

Fuel Equivalents of Biogas

Manure as a Biogas Feedstock

Although under the right conditions almost
any organic material can be anaerobically di-
gested to produce biogas, the focus here is on
animal manure. Food is only partially digested in
an animal’s digestive tract. The remaining food
becomes manure, which still has plenty of or-
ganic fats, proteins, carbohydrates, and other
nutrients to feed gas-producing bacteria. If
manure is routinely left on the floor or ground,

INPUT APPROPRIATE PROCESS OUTPUTS
FOPLEAS SIMPLE FOTVERS BIOGAS
ORGANIC ORGANIC
MATTER AT woRK ACIDS AT woR®
ENVIRONMENT RESIDUES

Anaerobic Digestion Simplified




arrobic bacteria decay it, producing a small
amount of heat and ammonia, but no biogas.
Controlled anaerobic digestion simulates diges-
tive system conditions of air-free surroundings
and a warm temperature but increases the time
period in which digestion occurs. In an artificial
environment, bacteria can work on the remaining
organic particles in manure long enough to
achieve more complete digestion and biogas
production. :

The Digester Introduced

This artificial environment can be provided in
a closed, heated container called an anaerobic
digester. An anaerobic digester may aiso go by the
name methane fermentor or reactor, and some
prefer biogas generator or biogasifier, but simply
digester will suffice here, Aimost any type or
shape of container will work, but practicality has
typically led to use of cylindrical tanks. A slurry of
manure and water is fed into the tank where it di-
gests over a period of days or weeks before being
discharged. Biogas is formed as organic matter in
the slurry decomposes. The gas bubbles up
through the liquid and either accumulates in the
space above the surface or is transferred to a
separate storage container. Equipment or appli-
ances then draw off the gas as needed. Usually
these are set up to switch to a backup fuel during
periods when production and storage are inade-
quate to meet demand.

Farm Digester Development
in the United States

Efforts to produce and use biogas are quite
recent on the American agricuitural scene, but the
idea has becorne very popular in other parts of the
world. During World War Il, farmers in Germany

and other European countries turned to digestion
when fuel supplies were scarce. in develoging
countries, fuel scarcities and high costs have led
to widespread use of digestion to produce cook-
ing fuel. In India, for example, experiments to
design a simple, low-cost, cow-dung digester
began in 1939 following the successful demonstra-
tion of residential use of biogas, piped from the
Bombay Sewage Treatment Works. About 50,000
digesters have since been built in India, and re-
cent reports from China state that over seven
million rural digesters have been built there since
1970.

For many years, sewage treatment plants in
this country have used anaerobic digestion to sta-
bilize biological activity in human wastes. In most
plants, however, the production of biogas has
been considered incidental. The extra effort neces-
sary to capture and use the gas has not tradition-
ally been justified in view of the ready availability
of other low-cost fuels.

In the wake of energy shortages, price in-
creases, and pollution control requirements,
researchers and environmental advocates have led
the way in developing practical biogas systems in
this country. Agricuitural engineers at Cornell
University, for example, have developed a proto-
type owner-built digester for smalil farms. The
focus at Cornell has been on simplified operation
and the use of low-cost materiais and construction
techniques. In the State of Washington, the State
Department of Ecology funded a digester installa-
tion on a 200-head state dairy farm as part of a
program to upgrade the farm’s manure handling
system for water pollution control. The biogas is
used in a boiler to process milk in the farm’s
creamery. Digesters are also becoming increas-
ingly popular on various types and sizes of private
farms. Units now in operation are successfully pro-
ducing biogas from swine, pouitry, dairy, and beef
cattle manure.



Components of a Farm Biogas System

Since every livestock operation has a unique
set of problems and requirements, each biogas
system must be custom tailored to the particular
situation. There are, however, basic components
and operating principles which all systems share.
Not counting buildings, controis, gas burning
equipment, or effluent storage or disposal, the
three main components of any farm biogas system
include:

* A manure handling system:

* A digester, with provisions for mixing and heat-
ing; and

* A gas handling and storage system.

Manure Handling— A Priority Concern

Successful digester operation is impossible
without efficient and appropriate manure handling,
50 the cost, design, and overall benefits to be de-

rived from anaerobic digestion will depend some-
what on the equipment aiready in place. Indeed, a
digester can be viewed merely as an optional com-
ponent in a waste management system. For some
farmers, investment in biogas production will also
require an improved systern for manure cotlection
and storage-—and perhaps a rethinking of disposai
or fertilizing practices. With good planning, a tradi-
tional waste disposal headache can become an
important farm asset.

Freshly voided manure immediately begins
decomposing, diminishing in biogas-producing po-
tential with age., It therefore should be collected
and fed to the digester as soon as possible. If it
can actually be fed warm, an additional benefit re-
sults from a reduced digester heating requirement,
but this is seldom practical since the risk of explo-
sion precludes locating the digester inside a con-
finement building. Manure must be flushed,
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Example of a tidy small-scale waste management system
including a digester. Photo: lowa State University

NOTE: Sixty head beef cattle open continement barn (with

slotted floors) at right.

Insulated white digester at center. Overframe is for
mechanical mixer drive unit.

Partially underground pumphouse to right of digester.

Manure holding tank consisting of two concrete
Culvert sections to right of pumphouse.

Six month effluent storage tank at left.
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pumped, scraped, or hauled from the building
either to a holding facility or directly to the
digester.

The fraction of water in the slurry can be crit-
ical. Too little water makes pumping ditficuit: too
much requires an unnecessarily large digester ca-
nacity. Good pumpability and gas production are
generally obtained when dry matter is restricted to
the 8%-13% range (about the consistency of
cream to thick pancake batter) depending in part
upon manure type. Manure moved mechanically in
more solid form must be diluted accordingly
before digestion. Drier manures, such as pouitry or
that mixed with bedding and foreign materials,
may also require mixing prior to digestion. A
predigestion mixing or settling tank may ot rmay
not be called for, depending upon the situation
and the system being instailed.

Depending upon climate and overall system
design, it may be worthwhile to use warm effluent
to preheat the influent, thus reducing the amount
of energy required to maintain proper temperature
of the digester contents. There are a number of
ways this can be done, but probably the simpiest
is a method under study at the University of Mis-
souri at Columbia. With this method, the heat ex-
change occurs by direct mixing of the influent and
effluent. Operation is as follows: One hour before
the digester is to be loaded, effluent equal in
amount to the influent is drained from the digester
into a collection basin, where it is mixed with the
influent, thus exchanging heat. Influent solids set-
tle toward the bottom, along with some undi-
gested solids from the effluent. The upper half of -
the siurry is then pumped into an effluent storage
container, and the iower half ig pumped into the
digester. This method has been dubbed the "‘back-
tHlow heat exchanger,” after the flow pattern of ef-

fluent from the digester back to the collection
basin. This approach to preheating appears to be
well suited to hog operations that use a ot of
water to flush manure, making it very dilute as it
leaves the barn.

An alternate method of heat recovery is to
pump influent through a heat exchanger (which
does not allow mixing) located inside an effluent
holding tank. However, an effluent holding tank is
not always required, and it is unlikely one would
be justified solely for the purpose of slurry pre-
heating. There are no good guidelines for deter-
mining how much extra investment ig advisable
for preheating; it depends largely upon the charac-
terisics and location of the individual system.

The Digester
Types of Digesters

There are various ways of categorizing di-
gesters. The loading pattern provides one means
of differentiation. Batch-loaded systems are
restarted with each new load, which is digested
over a multipie-week or muitiple-month cycle and
is then unloaded. These are impractical for most
farm situations except where manure can be con-
veniently moved and stored in relatively dry form,
Continuous loading applies to either literally con-
tinuous or periodic loading and discharging. Daily
cycles are most common, but weekly loading and
discharging works satisfactorily and may be more
convenient for some systems. Discussion here is
limited to continuously loaded digesters because
of their more common use.

Digesters have been buiit in various shapes,
traditionally with rigid walls of poured or block
concrete, steel, or fiberglass. For example, vertical
axis, cylindrical shapes (such as silos) are popular
rigid-wall containers. This shape allows good, even
mixing during digestion: has a good volume to sur-
face ratio; is strong and simple to build; and is
relatively easy to increase in capacity by adding
top sections. A number of package systems are
now available, with digesters ranging from rigid steel
tanks to flexible plastic bags . These systems
can be obtained complete with heat exchanger
and hot water circulation pump, insulation, and ail
necessary accessories.

The amount of mixing necessary will vary
from system to system and is dependent upon
digester design, manure type, and presence of
straw and other debris. Some digesters operate
successfully without any mixing. However, scum
accumulation on the slurry surface may require
perindic removal, Mixing reduces settling, heips
assure intimate contact between bacteria and
manure, and helps to maintain uniform tempera-
tures. Intermittent mixing is generally adequate
and can be accomplished by mechanical stirrers,
by liquid recircuiation, or by recycling some of the
biogas through diffusers at the tank bottom. With
proper design, some mixing also occurs during



loading. Manure can enter near the digester bot-
torn, helping to resuspend settled solids, or at the
top, providing some mixing action in the slurry. £f-
fluent equal in volume to the influent is either
forced out as overflow during filling or drained or
pumped out prior to filling. This is stored in a tank
or lagoon pending use or disposal.

A departure from traditional rigid wall tank
digesters is found in a design developed at Cor-
nell University. The digester pictured was first
placed in operation in March 1978. It is an insu-
lated, soil-supported structure, lined and covered
with a gas-tight rubber membrane for biogas col-
lection. Manure is fed daily into one end of the
digester and flows by gravity for a period of about
20 days to the opposite end, where a discharge
port daily passes effluent equal in amount to the
influent. This type of digester is known as “plug
flow,” after the way each daily charge of manure
moves along from one end of the long, narrow di-
gestion chamber to the other end during its reten-
tion cycle. The rubber cover, just slightly larger in
volume than the digester itself, provides storage
for about two hours of gas prodaction. Longer
term storage requires use of a separate container,
Alternatively, a flexible cover, which expands and
contracts as gas production exceeds or fails
below the usage rate, has been used elsewhere
with this design to provide up to about one-half-
day’s gas storage. The Cornell system was design-
ed for a 50- to 65-cow dairy, but it can be scaled
up for larger operations,

Plug flow digesters are usually horizontal. and
although they can be constructed with rigid wails,
the major motive for their deveiopment and use is
their ability to use inexpensive excavated trenches
for support. One advantage of this design is that
no mixing is required for digestion of dairy ma-
nure. This design has not been tested, however,
with other manure types. intermittent mixing for
short periods would most likely be required for
processing less homogeneous swine or poultry
manures.

Innovative developers have demonstrated vari-
ous ways of custom-building digesters from low-
cost materials. Plastic bags can be fabricated in
any shape and size, and even fitted with baffles to
provide piug flow retention. Properly sized, the
bags double as gas collection and short term
storage chambers, and additional bags can be
connected for auxiliary storage. The digester bags
can be supported by sod in excavated trenches, or
by concrete, steel, or simple wood frames above
ground. Insulation of above-ground bags is simpli-
fied by the design of the support structure. The
bag-type system is simple and inexpensive to
build, offering advantages particularly to farmers
with a relatively small number of animais,

Digester heat is most commonly provided by
using some of the biogas produced to fire a boiler,
from which hot water is circulated under thermo-
static control through pipes inside the digester.
External heat exchangers also have been used, but
internal units make more sense in most cases,
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The entire south face of this 60' x 14' A-frame is a solar collector from which warmed water is pumped through a heat exchanger in

—— -— - ..

a 46.000 gal. insulated plug tlow digester located bengath the A-frame. which also serves as an equipment building. The system
was placed in gperation in 1980 on the Raymond L. Cerise hog farm in Keilag, Minn. The solar collectors provide year-round 100%
of the process heat necessary to maintain digester contents at 95°F. Digester effluent overflows into a lagoon, snow-covered in the
foreground. A 1300 head hog finishing building behind the A-frame also is solar heated. Scrubbed biogas is now used for home
heating but is intended for corn drying upon completion ot a 20.000 bushel grain bin,

since it is easier to pump pure water than manure
slurry, which also tends to be corrosive. Convec-
tion currents from internal heat pipes are also
credited with providing a mixing action. This is
especially important with Cornell-type plug flow
digesters that do not have mixing devices.

A solar collector system should be-investi-
gated as a supplement to a boiler or water heater.
Depending upon farm location, tax credits, and
other factors, the added investment for solar heat-
1ng may be justified by savings in biogas con-
sumption. Collector arrays which work well with
digester heating systems can be purchased ready-
made or can be hand-fabricated from available
plans. Consultation with someone experienced in
sizing and costing solar heaters is recommended.

In cases where biogas is used primarily to
fuel an engine, e.g., for generating electricity, the
recommended practice is to circulate water be-
tween the digester heat exchanger and the
engine’s radiator. This ordinarily provides more
than enough heat to maintain the required digester
temperature. Engine heat can also be recovered by
using exhaust heat exchangers, providing space
heating, grain drying, or even steam heating for an
alcohol still,

New digester designs under study may offer
advantages over conventional systems for some
farm applications. The main emghasis is on fing-
ing improved ways of accommodating slurries
either much drier or much more dilute than those
conventionally used. Manure from poultry or from
stalls with bedding could be mare conveniently
handled and digested, for example, if the process

6

could be carried on with a higher fraction of dary
matter. Under development at Cornell and other
locations are new “dry process” digesters which
will be batch loaded with manure and various
other organic material only a few times per year.
Farmers planning digesters may wonder
about the effect of mixing other biodegradable
materials and residues with manure. With proper
management, materials such as low-quality hay,
old straw, and even leaves and grass clippings can
produce biogas themselves, and research at the
University of Missouri at Columbia has shown that
the right combination of additives can actually in-
crease the amount of gas recovered from each
pound of manure solids. Most conventional ma-
nure digesters can handle a certain amount of ex-
tra cellulosic material, but a modified design
should be considered by anyone with an interest
in producing gas from high concentrations of rela-
tively dry, infrequently collected organic materials.
Some small farms may be suited to a rela-
tively new method of digesting very dilute slurries.
An anaerobic filter digester uses a container of
fine stones 1o process dilute slurries at high flow
rates. Bacteria are first grown on the surface of
the stones. The bacteria tend to remain attached
1o the stones as the liquid passes through the fil-
ter, increasing the bacterial population imme-
diately available to decompose manure solids and
thereby speeding the treatment rate. One advan-
tage of the process is that less heating is neces-
sary. Digester temperatures 20°-30°F lower than
customary provide satisfactory results, according
to experiments with swine manure at the National



Hypaion floating cover acts as a gas collector over this anaerobic lagoon. Farmers’ Cooperative Elevator Co.. Radcliff, IA.

University of lreland at Gaiway. These experiments
have yielded biogas with 80% methane content
from an inexpensive upflow anaerobic filter
digester. The Irish researchers allow a mixture of
about 2% solids to settle in a tank for five days.
The very dilute upper third is then drawn off and
forced up through the fiiter, spending just two
days in residence, and providing extremely fast
production of methane-rich gas. Digester effluent
overflows as fresh influent is admitted to the filter
bottom, and the settied mixture in the lower two-
thirds of the tank is pumped off with the effluent
and used as fertilizer. Although the Irish experi-
ence with the upflow filter digester has been very
favorable in terms of reduced capital cost and
operational simplicity, insufficient experience with
this new system precludes detailed discussion or
recommendations on its use at this time. '

Although not built primarily for the purpose of
biogas production, an anaerobic lagoon can be
considered another type of digester. Some farmers
with anaerobic lagoons may find it practical to
recover biogas by simply covering all or part of
their lagoons. Lagoons contain a low percentage
of solids and ordinarily function at too low a
temperature to be considered efficient digesters,
but they do produce gas. A number of things can
be done to stimulate biogas production, including
periodic agitation, heating, and insulating, but the
costs and benefits of devising a gas recovery
system for a lagoon depend entirely upon the indi-
vidual situation.

A farmer should be very careful in selecting a
digester type. Not only should the expected costs
of operation and maintenance be reviewed along
with installation cost, but the requirements for
monitoring and tinkering should be considered for
compatibility with the farmer’'s management style
and personal preferences.

Sizing the Digester

The digester is the most expensive compo-
nent of the conventional, non-power-producing bio-
gas system. Because size is a primary determinant
of digester cost, sizing is important to a farmer
considering investment in a biogas facility. Ex-
cessive digester capacity translates to inefficient
operation. Four related factors must be considered
in determining minimum capacity: retention time,
temperature, intluent solids concentration, and
loading rate.

Retention time refers to the length of the
digestion cycle, or the average number of days
each particie of organic matter is retained in the
digester, undergoing conversion to biogas. It also
can be thought of as the number of days of ma-
nure slurry production that must fit into the di-
gester. Hence, if retention time is increased or de-
Creased, the required digester size increases or
decreases proportionately.

The temperature at which digester contents
are maintained has an inverse relationship to re-
tention time; required digester size decreases as
operating temperature increases. Biogas can be
produced at temperatures ranging from 60°F to
about 140°F. Between these extremes there are
two optimai temperature ranges named after the
bacteria that thrive at these temperatures. Meso-
philic methane formers function up to about
115°F, achieving their highest rate of biogas pro-
duction at about 95°F. Thermophilic bacteria func-
tion in the upper range, with efficiency peaking at
about 130°F. Because biogas is produced faster at
thermophilic temperatures, many experimental di-
gesters have been designed to operate in this
range. The higher temperature requires more heat
input and, because thermophiles are very sensitive
to changes in their environment, more manageriai
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attention, Consequently, mesophilic digestion is
recommended for most farm situations. indeed,
about 95°F has become cormmonly viewed as
standard both in sewage treatment and for biogas
production. However, 95°F is not necessarily best
in every case. Thermophilic digestion may be pre-
ferable for some large installations, and less than
95°F may make economic sense in cases where
digester size is not critical.

For example, given enough time, an ambient
temperature digester of about 80°F should pro-
duce as much biogas as it would at 95°F. A longer
retention time would be required at the lower tem-
perature, though, so a larger digester would be
needed to accommodate the extra days' manure
production. In some cases, the extra cost foranin-
Creased tank size may be less than the cost of
equipment and gas saved by not using a heat ex-
changer. Such cases are probably limited to south-
ern climates, however.

Farmers following the conventional wisdom of
fitting their digesters with heat exchangers should
ordinarily also plan for the standard operating
temperattre. To the extent that excess capagcity is
available, experiments can then be conducted if de-
sired to test the results of operating at lower tem-
peratures. At 95°F up to four weeks retention may
be necessary for relatively comlete digestion and
gas conversion, but 15 to 20 days has been found
adequate for most manures. A 20-day retention
means that a digester must be large enough to
hold 20 days’ production of manure, urine, and
flush or dilution water.

Influent solids concentration refers to the per-
cent dry matter of total solids in the slurry. Control
of solids concentration is needed to maintain con-
sistency in the loading rate and to facilitate mater-
ial handling—especially pumping. Dilution with.
water is usually required, although thickening
through settling may be called for with systems
using a great deal of water during cleaning oper-’
ations. The amount of dilution water needed,
whether added during floor flushing or in a mixing
tank located ahead of the digester, depends in part
on manure type. Poultry manure, for instance, is
not only very dry compared to other manures (about
25% dry matter versus 13% for cattle), it is rela-
tively high in nitrogen and ammonia, requiring it to
be more dilute for good digestion. Because it starts
out quite dry and needs to become very wet, a rela-
tively large amount of water must be added to and
thoroughly mixed with pouitry manure prior to di-
gestion. For a given size digester, an increase in di-
lution water volume wiil reduce the retention time;
conversely, if retention time is to be maintained,
digester size must increase in accord with the
amount of dilution water used.

The loading rate refers to the rate at which or-
ganic solids are fed to the digester. About 80% -
90% of the dry matter is organic and subject to
bacterial decay. The technical term for organic
Mmatter is volatile solids, and loading rates are mea-

% Relative Gas Produclion Per Da

{Mesouphilic Baclena at 95°F -

sured in terms of pounds of volatile solids added
each day to each cubic foot of digester volume. Ex-
perience has shown that loading rates must be |im-
ited according to the degradability of a particular
manure. For example, about 0.4 1b of volatile solids
per cubic foot per day is the recommended max-
imum for cattle manure. This means that each
cubic foot of digester space should receive (be
loaded with), on the average, no more than 0.4 1b of
volatile solids per day. Digester.volume, then, must
be large enough to assure that the recommended
loading rate is not exceeded, in addition to meeting
the volume requirement based on retention time.
Additionally, digesters with separate storage con-
tainers should be oversized by about 10% to pre-
clude plugging of gas lines by digesting solids or
foam,

Itis debatabie how small a farm operation
makes sense for biogas production, but digester
cost per unit volume clearly decreases as size in-
creases. For manutfactured tanks the scale effi-
ciency actually occurs in steps, since a limited

“number of tank sizes are available, Within reason,

an advantage of buying a larger-than-necessary
tank lies in the capacity available for future expan-
sion, for digesting farm wastes other than manure,
or even for capitalizing on the disposal needs of a
neighboring farm.

Effect of Digester Temperature on Rate of
Gas Production
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Gas Handling and Storage

Biogas must be delivered to the equipment
using the fuel as cheaply and safely as possible.
The methane component of biogas is not only
flammable but can be explosive when mixed with
air in concentrations of 5%-15% methane. The
same safety precautions taken for natural gas ap-
plications should be applied to the biogas delivery
system,

Special care is necessary in closed buildings
or compartments where leaks could lead to Qas
accumulations. Whether or not required by local
safety codes, ventilation fans and explosion-proof
lights and motors shouid be considered. Alarms
and easily accessible shut-off valves should be
built into the system, and flame arresters shouid
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A SIZING EXAMPLE

Wastes collectible from 300 dairy cows

Each head produces 1.8 ft3/day of wastes containing about 15% TS (total solids) fresh. This
converts tO 16.8 Ib TS per day per head (1.8 ft'/day x 62.4 Ib/ft* x 0.15 = 16.8 Ibiday)

The maximum influent solids concentration (TS) is 12%

VS (volatiie solids) equal 80% of TS '

Each day 133 f12 (995 gal) flush and dilution water is added

The maximum desirable loading rate is 0.35 |b VS/ft*-day

The minimum desirable retention time is 15 days

Digester capacity should be 10% oversized to allow for gas collection

Data Summary

Volumeiday: 300 Head x 1.8 ft'/Head = 540ft?
Dilution 133
673 ft?

Weight/day: 673 ft* x 62.4 Ib/ft? =41995I1b

TS Produced/Day: 300 Head x 16.8 Ib/Head = 350401b
TS inSlurry: (5040 I1b - 41,985 ib) x 100% = 12%
VS Produced/Day: 5040 I1bh x 0.8 = 40321b

The required digester capacity and resultant retention time based on the specified loading
rate maximum.

The required digester capacity and resuitant loading rate based on the specified retention
time minimum.

Daily VS

Digester capacity required = ————-——0
9 pacily requl Loading Rate

4032 1b VSiday
= — ey = 1\ .
0.35 Ib VS/day- ft? 520 tt

. . Capacity 11,520 ft?
Resultant retention time = = = 17 days
Daily Volume 673 ft*/day Y

Daily Volume x Specified Retention Time
673 ft'/day x 15days = 10,095 ft*

Digester capacity required

Ho

DailyVS 4032 b VS/day
Digester Capacity 10,095 it®

Resuitant loading rate = = 0.40 Ib VS/day-ft*

11.520 ft* is the capacity required (unless a higher foading rate can be toleraled)
Add 10% for gas collection - 1152 f1?
The total digester capacity required is 12,672 fi*

If a 25,000 ft* digester were buiit in order to accommodate possible future expansion, what
would be the loading rate and retention time while operating with the present 300 head?*

Solution: Volume assumed available for digestion = 20,000 ft*/1.1 = 18,182 ft*

4032 b VS/day

18183 10 = 0.22 1b VS/day-it*

Loading rate =

Retenti lime = 18,182 3 274
etention L1 4 W = ays

“Assuming full use of the excess capacity, which wouid not be necessary.




be used to prevent backfiring from water heaters
and other equipment.

The digester should be equipped with a pres-
sure gauge and a provision for pressure relief. This
can be in the form of a reguiator or a simple com-
bination of pipes hoiding a column of water to
provide a liquid seal (like in a toilet). Although ex-
cessive pressures can be relieved by simply vent-
ing to the outdoor atmosphere, high flow rates of
excess gas should be burned with a flare.

Even routine maintenance of biogas equip-
ment can be hazardous for careless or untrained
operators. For example, a gauge pressure of only 1
psi would indicate a force of 450 Ib against a 2-ft-
diameter access cover. Loosening the cover with-
out first relieving the pressure could be danger-
ous. Also, because methane is lighter than air, it
has a habit of sneaking into upper cracks and
recesses. mandating special care during cleaning
operations.

Biogas always contains some water vapor, so
the gas handling system must be designed to pre-
clude corrosion, condensation blockages, and
freezing. Sloped lines, condensation traps, and
proper pipe materials and sizing should provide
adequate protection depending upon climate and
gas flow rates,

Biogas normally contains traces of hydro-
gen sulfide (H2S), a corrosive impurity which may
require removal if sulfuric acid formed by its com-
bination with water vapor poses problems for ap-
pliances or equipment operating on biogas. H:S
preciudes the use of copper gas lines. Rigid cop-
per piping requiring sweat joints has always been
taboo in the natural gas business, and recent ex-
perience has shown that even flexible copper tub-
ing should not be used with biogas. H:S can liter-
ally eat its way through the lines.

Improper selection and installation of piping
is notoriously dangerous. Black iron, heav,-wall
brass, or manufacturer-approved flexible poly-
ethylene (PE) pipe is recommended for biogas
lines. Approved flexible PE (orange in color) uses
either fusion welds or compression couplings and
is tougher and more resistant to thermai cracking
than (even Schedule 40) PVC pipe. Many installers
have had no problems using ordinary PVC or
CPVC for transporting biogas—in fact, even gar-
den hoses have been used by some reckless
souls —but the hazards deserve acknowledgment,

Technically, no type of plastic pipe is ap-
proved for use inside buildings. According to the
International Conference of Building Officials 1979
Uniform Mechanical Code, as welt as the
1981 National Fuel Gas Code sponsored by
the American National Standards Institute and the
National Fire Protection Association, use of PVC
or PE plastic piping should be restricted to ex-
terior, underground installation. Advised interior
use of plastic lines may, in some cases, be per-
fectly safe, but for those contemplating such use,
consultation with a local building safety official is
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Series-connected H,S scrubbers made from 10-inch steel pipe.
Photo: H. Lapp

recommended to determine possible risks and
liabilities.

Although H,S is generally considered detri-
mental to engines, the effect may not be as seri-
ous as once anticipated, except in the case of
manure from animais on high-sulfur drinking water
or feed rations. Continuous engine operation
poses less of a problem than intermittent, which
encourages condensation of biogas vapors. H,S
content can be reduced, in any case, by directing
the biogas through an iron sponge reactor or
scrubber. The scrubber is essentially a container
filled with wood shavings and rusty iron filings, re-
quiring carefully controlled, periodic regeneration
by exposure to air.

Biogas storage can be a nuisance because
huge storage volurnes are necessitated by the
relatively low energy value, and liquefaction is
impossible at reasonable temperatures and pres-
sures. Ideally, biogas usage should match produc-
tion to minimize the need for storage, but usage
rates are bound to vary day to day and season to
season, so some storage capacity is essential.

Collection and low-pressure storage cham-
bers include rubber or plastic bags resembling
giant pillows, The same idea is represented by the
covers used over some plug flow, in-ground
digesters. An alternative gas collection low-pres-
Sure storage scheme is to use a floating cover set



up eihér as a floating roof in the digesterorina
separate container of water. The principle of the
cover can be represented by an upside-down cof-
fee can floating in a sink. If the can is weighted to
keep it down, it will rise or sink as airis let into or
out of the enclosed space. In a biogas application,
a 5- or 10-ft-diameter cover will need to be heavily
weighted, if made of a light material like fiber-
glass, or may even need to be counterweighted if
made of steel. The overall weight controls the
pressure at which biogas is supplied to the equip-
ment or appliances. A few inches of water
pressure is adequate to deliver the gas over short
distances. Floating covers are compact and
durable but tend to be much more costly than aux-
iliary bags or tanks for other than very short-term
storage.

Gas Line

/N
N

Cutaway Sketch of a
Floating Cover Collector

Whatever the container, low-pressure stor-
age for more than a few days of gas production is
not practicai. One day's net production, for exam-
ple, will fill a space up to double the size of
the digester itself. Production and usage rates
must, therefore, be carefully balanced to assure
full use of all gas produced. Limited, longer term
storage can be achieved at medium pressures by
using propane tanks. Storage volurnes can be
reduced by a factor of about 15 by pressurizing to
200 psi with a conventional, corrosion-resistant
cold storage compressor. Pressurizing to much
higher than 200 psi without special equipment,
however, is expensive and dangerous. Even with

low-pressure storage, pressure relief valves should

be strategically located to prevent dangerous,

above-design pressures during periods of reduced

gas demand or equipment downtime.

The special requirements for safety and reli-
ability of the gas handling system point to the
need for knowledgeable, experienced help in de-
sign and fabrication. Poorly built digesters can
waste money, but poorly built gas handling sys-
tems can waste lives.

L AR e

Iﬁflatable 14,000 tt* cover for gas collection and one-halt déy's
storage over inground plug flow digester. Mason Dixon Farm
Dairy, Gettysburg, PA.

10,000 gallon pressurized raiiway car tank used for biogas
storage, Wayne Gibbons Pouitry Farm, Ripon, Wi.

1300 f1? inflatable gas storage bag. University of Missouri at
Columbia.
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Biogas Yields and Uses

Production Rates

Every farmer with an interest in this subject
naturaily wonders, “How much biogas could my
operation produce?” There are many variables in-
volved, so estimates based strictly on type and
number of animails are risky at best. Values in the
accompanying table of approximations should be
tempered according to information known about a
specific operation. Daily production of manure
solids varies with climate, animal diet, activity, and
life cycle position. Manure age and collection
practices also affect gas production. Fresh
manure, for instance, will produce more biogas
than aged manure.

The variation in gas production estimates be-
tween different species is explained primarily by
two factors. First, some species pass a weight of
volatile solids each day which is greater in propor-
tion to body weight than do other species. Thus,
while a ton of chickens produces a lesser weight
of raw manure per day than a ton of calves, the
dried weight of volatile solids is greater from the
chickens, Second, bacteria find it easier to decom-
pose volatile solids in some manures than others.
Bird volatile solids, in particular, are very good gas
producers. The overall effect is that poultry have
the potential for producing relativety high biogas
yields. Biogas production from poultry manure
poses a number of problems, however, including
control of scum, ammonia, and settling in the
digester.

Daily output Assyn:‘ed Daily output

Animal type | Per 1000 Ib weight per animal
e per animal 12

Dairy cattle 44 1350 59.5
Beef cattle 40 900 36.0
Hogs 39 200 78
Pouitry 100 4 0.4
(layers less -
than broilers)

practices.

Estimated Biogas Production Rates

NOTE: These estimates represent a composite from various
fesearchers and should be used with caution. Reported
yields vary widely. Sorne data shows beef yields higher
than dairy, for example. Individual results depend con-
siderably upon feed ration and manure collection

Laboratory analysis of sampies collecteg under
planned conditions 1s recommended tor farmers needing
more accurate yield estimates, for example for perform-
ing economic anatyses of biogas production equipment.

The biogas production rates estimated in the
table represent gross rates. From 20%-50% may
be needed for digester heating, depending upon
manure gas productivity, climate, season, effec-
tiveness of digester insulation, and system design.
Larger digesters are more efficient heat retainers
than small ones because of their lower surface-to-
volume ratios. In fact, very smail digesters such as
55-gal drums could require more gas for heating
than they produce. As discussed previously, solar
water heaters, influent preheating, and engine heat
recovery can help reduce the fraction of biogas
consumed for digester heating.

Consistency is the key to stable production
rates. Digester bacteria like a nice, steady diet,
free of the many substances known to inhibit or
kill bacterial action. For example, manure from ani-
mails on therapeutic doses of antibiotics should be
diverted from the digester, as should wash water
following major disinfecting operations. Another
important factor is pH. In a properly functioning
and managed digester, pH is usually self-con-
trolled between about 7.0 and 8.0, but such distur-
bances as toxic elements, temperature fluctua-
tions, and heightened loading rates can upset the
balance between acid forming and methane-form-
ing bacteria. The pH may then drop as the rela-
tively tolerant acid formers begin to outproduce
the sensitive methane formers, lowering the ratio
of methane to carbon dioxide in the biogas or
even terminating gas production altogether. An
astute operator shoulid be able to correct a deter-
iorating condition before it becomes too serious,
however. The CO: level can be monitored with an
inexpensive measuring device. Also, foul odors
and diminished biogas yields are effective ad-
vance warning signals,

Gas Use Choices

What is the best use of biogas? There is no
one answer to this question. Every situation is dif-
ferent, so a famer contemplating an installation
should consider needs carefully. Some of the pos-
sible uses are;

Farm Househoid
Grain drying or grinding Space heating
Irrigation engines Water heating
Pen heating Cooking
Ethanol still heating Refrigeration
Dairy water heating Clothes drying

Electric power production Air conditioning



Direct Burning— General Considerations

Direct burning of biegas for space heating,
water heating, or steam production is probably the
most energy-efficient use, if production and usage
rates can be reasonably balanced within a range
accommodated by storage capacity. Conversion of
equipment is simple, and provisions for a backup
fuel such as propane can easily be made. Caution
is advised, though. With the H,S intact, biogas is
poisonous and quite corrosive to intermittently op-
erated gas burners and vent stacks, potentially
leading to unannounced exhaust leakages. Scrub-
bing is therefore recommended for biogas used in
living areas. It is worthy of note, incidentally, that
although pure methane gas is not poisonous it is
suffocating.

When farm applications take precedence,
there often is not much gas left over for house-

- hoid use. A simplified household example is easy

to relate to, however, and may help put usage
rates into perspective, Assume that a year-round
average of about 600 ft* (600,000 Btu) of natural
gas per day would supply a northern home with
heat, cooking fuel, and hot water. About 1000 ft*
of biogas per day would be needed for the same
use. Assuming one dairy cow could produce about
60 ft* of biogas per day, and that about 40% of
gross production would be required for digester
heating, about 253-30 cows could produce a net
amount of 1000 ft* of biogas per day. Average
figures can be misleading, however, One-thousand
cubic feet would be more than is needed during
August and less than is needed during February.
Since storage of large amounts of gas is imprac-
tical, a larger number of cows would be required
during the cold months.

Although the number of cows—or hogs,
horses, or turkeys—required for various tasks can
be estimated, piecemeal pianning of biogas uses
should be avoided. The best way to plan biogas
uses is to inventory and prioritize all farmstead
and home energy demands and fluctLations first,
and then to select those applications that make
the most sense. The most appropriate and cost-
effective uses should be matched with anticipated
gas production and storage for each individual
situation. No two farms or families have exactly
the same energy needs or preferences.

There is growing interest in the use of biogas
as boiler fuel for ethanol stills, which require large
amounts of steam heat for the distillation process.
Although there is no combination digester-still
known to be in operation at this writing, several
are in the planning stage.

Use in Vehicles

Biogas use as vehicle or equipment fuel is in
most cases not practical because of the large tank
sizes required; however, biogas has been resorted
to as a short-range motor fuel during supply short-
ages, such as in Europe during World War il. En-
tire fleets of autos are now operating on com-

_pressed biogas derived from sewage treatment in

the cities of Modesto, Calif., and Milan, Italy. Com-
pressed methane made from natural gas is readily
available in this country from bottled gas suppliers
and is being used experimentally in fleets of
vehicles in some communities, including Greeley,
Colo. Three hundred cubic feet of gas can be
squeezed into a 52-in. long, 3-in.-diameter cylinder
at 2,265 psi. Five of these cylinders would give a
farm pickup a range of perhaps 150-300 miles on
methane or 20-180 miles on biogas. The Beech Air-
craft Co. in Boulder, Colo., has developed a low-
temperature {-260°F) liquefied methane storage
system offering a 600:1 volume reduction at only
about 30 psi in a trunk- or bed-mounted, 18-gal
tank installation for cars and trucks. Liquid
methane (not biogas) provides about 90% of the
mileage of gasoline, and the octane is much
higher (125-130 versus 84-87), oifering a perform-
ance advantage in modified, high compression en-
gines. The cost of on-farm separation and lique-
faction of methane is prohibitive at this time for
the average farmer, but the economics will im-
prove with continued development and ever-
increasing gasoiine prices.

Power Production

Engine-Generator Sets. Stationary engines for
equipment power, irrigation, or electricity genera-
tion offer the best use for biogas on some farms.
Electricity generation, in particular, is expected to
become more common, especially when conver-
sion losses can be recovered as heat. The most
obvious candidates for conversion to biogas are
emergency engine-generators which many farms
already have set up in standby mode to provide
lighting and to operate circulation fans in hen
houses or other critical equipment in case of
power failure. The gasoline engines typically used
¢an be converted to run on 100% biogas and, if
biogas is available, an attempt at full-time electri-
city production may be tempting. This may be ili-
advised on several grounds, however. The system
may not be designed for full-time operation at the
required capacity. If the engine is air-cooled, use
of waste heat for digester heating is more difficuit
if not precluded, although space heating may stiil
be possible, and savings in electrical costs may
be less than availabile from other biogas uses.

There are inexpensive choices for smail or
low-income farmers wanting to produce electricity
from biogas. Old tractors or tractor engines make
good power units, for example. The key to overail
efficiency is to put the engine heat to good use. A
relatively cheap and efficient system results from
coupling a generator of appropriate capacity to a
used tractor or truck gas engine inside a building
requiring heat, with a long exhaust pipe running
outside. Piping shouid be connected to allow en-
gine cooling water 10 be used for digester heating.
If the engine is large relative to the digester
volume, parailel lines and an inexpensive thermo-
static control may be called for to prevent over-
heating digester contents.
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In addition to the generator which should be
available for about $2000 depending on size, the

farmer would need to purchase a gaseous fuel car-

buretor system (about $500) and a speed sensing

electronic governor (about $300) to precisely main-
tain engine speed in accordance with the generator
specification. If propane is to be made available as

a backup fuel, a diaphragm vaporizer (about $75)
will also be required ahead of the carburetor.

For larger operations where investment in a
heavy duty used or new diesel or gasoline engine-
generator set is being planned, consideration
should be given to the relative advantages and
disadvantages of diesel versus spark-ignited
engines (a diesel fitted with spark plugs and lower
compression heads or pistons is not considered a
diesel in this discussion). Spark engines offer an
advantage in that they can run on 100% biogas
and be set up to switch to propane automatically.
Because of their lower compression ratios, how-
ever, these engines achieve less power output
than comparable diesels, turning a higher fraction
of fuel energy into heat. In some cases, though,
the extra heat may actually be of more value than
the extra power. Operation on biogas will necessi-
tate derating of any engine-generator set, and the
power unit should be carefully selected to assure
normal operation at near full capacity. The trade-
off in excessive oversizing to accommodate power
surges is a great loss in both engine and
generator efficiencies.

Dual fuel conversions are manufactured
for diesel engines which allow operation
on a mixture of biogas and diesel fuel, Diesels
cannot run satisfactorily on straight biogas or
even straight methane because a small percentage

of oil is necessary for sparkless ignition. This
" means the injectors must be retained, and these
require a larger flow of oil to prevent scoring.
Operation of dual fuel diesels on drilling rigs has
traditionally been on a mixture of about 85%
natural gas (by energy content, not volume) and

- 15% diesel fuel, switching automatically to up to
100% diesel fuel in cases of gas supply interrup-
tion. Operation on a higher percentage of methane
or biogas is possible, maintenance implications
aside, although with biogas, engine efficiency and
power output are lowered because of the noncom-
bustible carbon dioxide component. Under variable
loading conditions, such as typically found in farm
operations, the dual fuel system responds to load
increases by supplying an increased diesel fuel
flow rate sufficient to meet the power demand.

From an energy efficiency standpoint, in
terms of power output as a fraction of fuel input,
the dual fuel diesel is superior. With its 171 com-
pression ratio, it will outperform any spark-ignited,
normally aspirated engine limited to a compres-
sion ratio of around 12:1, High loading conditions,
however, may require heavy consumption of diesel
fuel. From a cost efficiency standpoint, therefore,
a spark-ignited engine may be superior, depending

14

upon biogas availability, CO: content, loading con-
ditions, and the price of fuel oil. Several manufac-
turers offer high compression spark-ignited en-
gines which can take advantage of methane's high
octane rating by advancing ignition timing about
20 degrees. These engines can be supplied with
generators, propane backup fuel systems, heat
recovery systems, and other desired accessories.
Compromise may be necessary, though, if much
propane use is anticipated.

A compression ratio high enough to capitalize
on methane (10-12:1) is too high for fuil load or
continuous running on propane, even if the timing
is retarded when the propane is switched on. For
other than occasional, reduced-load propane use,
therefore, a lowered compression ratio may be
recommended, and this carries a loss in efficiency
when operating on bicgas.

An Italian manufacturer, Fiat, best known for
their cars, is producing a small engine-generator
setina neatly packaged 4-ft x 4-ft x 4-ft “total
energy module” called the Totem. The engine is a
127-cc dcylinder, which hums along at 3700 rpm,
providing @ maximum of 15 kW of electrical power
along with 131,000 Btuhr of heated water from a
very efficient heat exchanger system. The Totemn
is an attractive package for operations able to use
the output levels of both electricity and hot water.
Four modules are currently undergoing testing by
New York’s Brooklyn Union Gas Co., which is act-
ing as Fiat's liaison in the United States.

The use of farm-produced electrical power
may require a number of operational changes to
take advantage of the power on-site. Kilowatt-hour
usage should be plotted to determine where load
leveling might best be applied, to help spread
usage rates as evenly as possible throughout the
day and seasons. There are many operations, such
as silo unioading, which can be scheduled by
automatic timers. Also, peak power for bulk tank
cooling can be reduced by precooling a water bath
“off peak” and using cold water to precool the
milk before it enters the bulk tank. These are
merely examples. The farmer aiming for power
production should consicer every innovative con-
servation practice possible to stretch the eiectrical
energy budget supported by the biogas system,
Also, in high-wind areas, consideration should be
given to integrating the biogas power system with
a wind power system.

Sale of Electricity. Although on-farm use of bio-
gas-generated power should have first priority,
many operations have the potential for producing
an excess of biogas-generated electricity. Sale of
this excess energy to a local utility may in sorme
cases be an option which should be considered
during planning for a digester installation. Partly
because of governmental urging, utility companies
are increasingly receptive to purchase contracts
for electricity produced in excess of need by
private individuals or firms. New Federal Energy
Requlatory Commission reguiations, issued in ac-



Engine Generator Sets Come In All Sizes
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A modified 10.2-hp, 4-kW Onan is one of two operated experimentally at the University of Manitoba's Swine Researéh Cbmplex.
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A 660-hp Caterpillar drives a Kato 440-kW generator at Kaplan Industries Feediot biogas installation in Bartow, FL,
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cord with the Public Utilities Reguiatory Policies
Act (PURPA), provide that under certain circum-
stances private energy producers shall be credited
or paid by the local utility for electricity delivered
to the utility. The law requires the payment rate to
reflect costs avoided by the utility not only for
electricity delivered (energy in kWh), but aiso for
the excess capacity (power in kW) shown to be
available from a producer’s generating plant,

The concept of “capacity credits” is al-
ready reflected in some contracts which provide
higher prices per kWh to private producers for
energy delivered at a time of day when it is most
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needed by the utility grid system. Fortunately, the
ability to store biogas allows the farmer to gener-
ate on any desired daily time schedule. Yet, the
most favorable energy rate or capacity credit con-
sideration can be granted by utilities only to pri-
vate producers capable of providing worthwhile
amounts of continuously available, reliable power.
A large biogas-powered generating plant located
near a major feedlot could qualify for preferred
rate treatment. Serving as a preferred rate power
source for a utility may also prove workable for
smaller farmers joined in energy district cooper-
atives. Several interesting options exist,

A brief discussion of equipment is of-
fered because of the anticipated popularity of
power generation. Two types of alternating
current generators can be used by farmers in-
terested in selling excess electricity to their
utjlity companies. Standard farm standby or
auxiliary engine generator sets use syn-
chronous generators. These normally are
used only to provide for on-site demand and
are not interconnected with the utility
system. If interconnection is desired. the
utility will require a safety switch or fail-safe
interlocking device accessible to their line
crews so that during utility power failures or
maintenance operations workers can service
lines without fear of backfeeding from scat-
tered small producers.

Paralleling and synchronizing equipment
is also necessary to assure that the farm
power unit can come “on line" at 60 Hz and
is in phase with the grid. Cost estimates for
paralleling and synchronizing equipment are
now readily available from suppiiers as a
resuit of the heightened interest in power
generation encouraged by PURPA.

The alternative to the parallel system

less expensive induction generator, which
actually is a motor, The apparent double talk

induction motor literally becomes a generator
under special operating conditions. Picture a

the power take-off shaft of a biogas-fueied
tractor chassis. By engaging the tractor ctutch,
the motor can be used to start the engine.

gradually to the synchronous speed of the
motor—say 1800 rpm. The motor is now just
spinning under a no-load condition. Engine
and motor speed continue to climb. Suddenly
current begins to flow back through the lines
from which it came; the motor has become a

synchronous generator is the less common and
resuits from the fact that a typical squirrel cage

utility- power-driven electric motor connected to

Now imagine the engine speed being increased

- Generator Options for Power Producers

generator. Current output now rises in pro-
portion to engine-generator rpm, up to the
generator's power rating. Overspeed is con-
trolled by the engine's calibrated governor. In
this simplified example, the engine-generator
set has become part of the utility grid. If
generator output exceeds farm system load,
the kWh meter runs backwards (uniess
racheted) and, in effect, the farm is selling
electricity to the utility —with no synchro-
nizing equipment whatever.

This is all possible because the utility is
providing magnetic excitation of the gener-
ator's windings. Frequency is fixed at 60 Hz,
and voltage is constant at 115 or 230 V de-
pending on how the generator is wired. But
what happens if the utility power goes off for
more than a few seconds? Capacitors can be
set up to sustain short or even long duration
outages, but frequency and voltage control
for varying load conditions is a very tricky
business. The practical aiternative during
blackouts is to switch off the utility connec-
tion (company linemen will check to see that
this has been done) and resort to auxiliary
power. Herein lies a disadvantage of the in-
duction generator as compared with the syn-
chronous generator. A synchronous generator
could in this situation continue to suppiy
farm demand independent of the utility
system. However, most farms afready have
reduced-capacity auxiliary power systems,
Moreover, a smaller, appropriately equipped
gasoline engine-synchronous generator can
be used to provide the reguired magnetic
field to allow continued operation of the
larger induction generator at any desired
loading. Elaboration on the pros and cons is
not possible here, but the advantages of in-
duction generators should be investigated by
farmers contemplating smail power producer
status.
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Because of PURPA, every utility company
in the United States is now attempting to arrive at
fair wholesale rates for customer-generated elec-
tricity. The respective state public utility commis-
sions are holding hearings in an effort to assist in
arriving at these rates. Final determinations on
formulas may not be available until Summer 1981.

A wholesaling agreement normalily calls for
use of an extra kWh meter—possibly fitted with a
clock to allow time-of-day credits. One meter
records retail energy delivered to the customer;
the other records wholesale energy supplied to
the utility whenever the customer is generating
more than is being used. The aiternaiive to the
dual meter wholesaling arrangement is for the
utility to simply allow the (singie) meter to runin
poth directions. This is the present practice of
several utilities that have windmill generators con-
nected to their systems, In these cases. the cus-
tomer is in effect being credited at the retail rate
for energy generated. The utility does not owe the
customer, though, if one month’s meter reading
turns out to be less than the previous month’s
reading. .

If the utility allows the customer to choose
between single and dual metering, the choice
should be based upon expected generation levels.
A comparison of the ratio of retail to wholesale
price with the ratio of excess kWh generated to
kWh used would indicate the better choice. How-
ever, in some states it may turn out that neither
the customer nor the utility can make such
choices. The rules shouid be clearer by mid 1981.

Power Production Examples. Research at the
University of Missouri at Columbia, where agri-
cuitural engineers have operated a full-scaie hog
manure digester since 1976, has shown that en-
erqy self-sufficiency is possible for confinement
pork production operations. A Waukesha gasoline
enginegenerator set was selected for study, par-
tially because the engine offered an ideal heat out-
put to power output relationship for this particular
application. Calcuiations showed that all of the
electrical energy as well as all of the heat en-
ergy—down to about 28°F outdoor tempera-
ture—could be provided by biogas for a pork pro-
duction facility marketing 3200 hogs per year.

A good example of a private biogas installa-
tion successfully producing electricity can be

found at the Mason Dixon Farm near Gettysburg,

Pa. The farm has about 1200 Holstein milkers, plus
800 heifers and calves, with the shelitered loafing
pens arranged SO manure can be collected from
the majority of the herd. Twice daily, manure is
flushed from the pen floors into a settling basin,
where water drains off until the siurry reaches
about 12% solids. It is then moved into a mixing
basin where it is inoculated with some digester ef-
fluent, and then pumped into one of two concrete
pit plug flow digesters. The original digester, buiit
in Fall 1979, has a capacity of 200.000 gallons and
is covered by a collection bag which provides stor-

age for about one-half-day’s gas production. The
second digester has a capacity of about 260.000
gallons and was completed in December 1980. The
newer digester is topped by a hypalon rubber
cover but operates by design at a slight vacuum,
leaving the system to rely on the first digester for
gas storage capacity. Over 2.5 million ft* per
month of biogas: production is expected when
operation of the new digester becomes stabilized
in Spring 1981. :

The biogas is used to power a Caterpillar
spark-ignited diesel connected to a 150-kW syn-
cronous generator. The system aiready provides
100% of the electrical energy used on the farm
(not including the dairy).

Metropolitan-Edison Co., the local utility,
has expressed interest in buying excess energy
from the farm at 3.5 ¢/kWh. Farm Manager Richard
Waybright is also considering building an ethanol
still with steam heat for the still to be provided by
an exhaust manifold heat exchanger on the diesel.
As envisioned, the alcohol system would have the
capacity to convert 30,000 busheis of corn per year
into 75,000 gal of nearly 200-proof pure spirits, cur-
rently selling at about $2/gal for use in making
gasohol.

Kaplan Industries, Bartow, Fla., operates a
large U.S. Department of Enerqy (DOE) sponsored
digester facility built by Hamilton Standard. The in-
stallation currently processes waste from about
6000 cattle and has a capacity to accommodate
wastes from about 10,000 head. In addition to
other uses, bicgas produceri by two thermophilic
digesters is used in part for power production.
Three-phase power is produced by a 440-kW Kato
generator driven by a 660-hp Caterpillar engine.
Electricty generated is fed into the local power
grid in cooperation with the Florida Power Corpo-
ration. A study i$ underway to evaluate the tech-
nical and economic aspects of eiectrical power
production from a smail biomass source.

Off-Farm Use of Biogas

In cases where waste engine heat cannat be
used, or where electricity production from large
amounts of excess gas is for any reason not fea-
sible, sale of the gas for off-farm use may be an
alternative, Cooperating networks of farmers could
supply purified biogas as a substitute for natural
gas for industrial or residential users miles away
from the digesters. This alternative may be limited,
though, to local areas where pipelines are aiready
accessible. Metering devices, incidentally, can ac-
count for the simultaneous use of more than one
variety (and Btu-value) of gas in a pipeline.

Some private utilities have been quick to
recognize the potential for commercial biogas pro-
duction. The Southern California Gas Company
and Pacific Gas and Electric Company are jointly
sponsoring a biogas demonstration plant placed in
operation in 1978 on the Kershaw and Sons' feed-
lot in the imperial Valley near Brawiey, Calif. The
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project has two objectives: to investigate the tech-
nical and economic factors involved in producing
biogas from cattle manure, and to establish the
value of digester residue as a livestock feed ingre-
dient. Economic and environmental studies are
now underway to determine the feasibility of a
commercial-size biogas plant.

Calorific, Inc., a subsidiary of Thermonetics,
Inc., of Oklahoma City, was the first company in
the United States to obtain federal clearance to
introduce methane produced from feedlot wastes
into the interstate pipeline system. In what is
known as the Calorific Recovery Anaerobic Pro-
cess, or CRAP, two 2.5-million-gal mesophilic di-
gesters at the company's Guyman, Okla.. plant are
supplied daily with 500600 tons of raw wastes col-
lected from about 100,000 cattle. Any desired frac-
tion of the biogas produced can be upgraded to
pure methane, and during 1978 methane was sold
for transport and use in the city of Chicago, about
800 miles distant. A company spokesman indi-
cated in August 1980 that some mechanical diffi-
Cuities with CRAP had been resolved and that al-
though process-use of the gas had first priority,

sale of excess gas to the interstate system had
been retained as an option for the future.

Making methane from excess biogas available
for off-site uses represents not only an opportunity
for the producer but is in the national interest as
well. Industry demand for gas already exceeds
availability in some areas, and an increased, inex-
pensive supply would motivate a proportional con-
version from foreign oil. Many companies are now
forced to limit gas consumption by utility com-
pany agreement and in some cases to switch to
oil during supply interruptions. Gas distribution
networks are not as universally available as elec-
trical distribution lines, but increased availability
of natural gas substitutes from farm, municipal,
and other wastes as well as from coal is expected
to bring about some expansion in the national gas
distribution system.

Whatever the immediately apparent needs or
opportunities might suggest, farmers considering
or already operating biogas plants are challenged
to make as full and productive use of the gas as
possible.



Benefits Beyond Gas

The primary focus of this booklet is energy
savings available through biogas production. An-
aerobic digestion offers other benefits, however,
somewhat dependent upon the sort of operation
one starts with. Some of these benefits are of an
environmental nature, while others can potentially
be translated directly into dollar savings.

Anaerobic digestion makes disposal, storage,
or use of manure easier and more pleasant. Im-
proved homogeneity and viscosity make for easier
pumping to tanks or pits. Digested manure aiso
has less odor and is not as attractive to flies.
Mason Dixon Farm personnel attribute a nearly
total elimination of manure odor to their digester
installation and consider this to be one of the
system’s most important benefits. Digestion also
kills many weed seeds, as well as several species
of pathogenic bacteria, including salmoneila, and
some viruses. Digester effluent is not suitable for
discharge directly to streams or watersheds, but
its pollution potential is less than that of unstable
raw manure because of a reduced chemical oxy-
gen demand. Requirements for additional predis-
posal treatment to meet abatement standards thus
may be lessened.

A promising new use of effluent fiber is for
bedding material. Fibers in fresh manure may be
2in. or 50 in length, whereas digested fibers are
only perhaps 1/2-in. long. These are left as residue
when moisture is forced out of effluent with a
press. They look rather like chewing tobacco, are
quite spongy, and have no odor since the bacteria

Drying bin with screened floor to allow forced drying of

separated digester effluent. Mason Dixon Farm Dairy,
Gettysburg, PA.

die on contact with air. The nutrients in the liquid
separated from the fibers can still be used as fer-
tilizer, and the bedding can be run time and again
through the digester. The Mason Dixon Farm uses
a Surge press to squeeze its digester effluent
down to about 68% moisture content, discharging
the liquid to a pond where it is stored until needed
for seasonal land application. The somewhat
sogQgy, fibrous material is spread on a screen and
dried further by passing ambient air and hot ex-
haust from the generator engine through the ac-
cumulation, The farm manager reports satisfaction
with the residue as recyclable bedding material,
emphasizing that no mastitis or other health prob-
lems have been experienced.

Fertilizing with Digester Effluent

Studies have shown that no fertilizer
elements (N, P, K, etc.) are lost during anaerobic
digestion. In fact, the quality of the effluent, in
terms of its stability and availability to plants, may
be somewhat increased because the organic nitro-
gen has already been converted to inorganic
forms. When fresh manure is applied to soil, or-
ganic nitrogen must first be broken down by bac-
teria, initially competing with crops for certain
nutrients, and possibly being washed or leached
away before the conversion is complete. Also, ni-
trogen in fresh manure may volatilize as ammonia
and be iost to the atmosphere before plants can
use it. Generally, a digester—or any closed
tank—can help to prevent nutrient losses that
occur through seepage or volatilization to the at-
mosphere with open pit storage.

Fertilization benefits will actuaily depend
more upon storage, application technigue, and
timing than upon digester inclusion in the overail
manure handling system. If, for example, a farmer
already has a slurry storage or well-designed an-
aerobic lagoon system and liquid injection equip-
ment in operation, the potential benefits will be
less than for a farmer who does not already have a
good manure utilization program.

Clearly, the primary fertilization benefit of
anaerobic digestion lies in increased nitrogen
availability, the exact value of which is difficuit to
estimate. Whatever benefits do exist can be lost,
of course, with poor planning or careiess spread-
ing or spraying practices. Laboratory tests of ef-
fluent should be performed to determine nitrogen
content, and decay constants should be consid-
ered in estimating fertilizer replacement values or
application requirements. Optimum application
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Laboratory analysis of effluent is recommended to determine concentration of nutrients. Potential
fertilizer value can then be estimated and in turn used in assessing investment options for storage
facilities and utilization equipment. In the example below, sample lab test resuits are shown for the
primary nutrients. lllustrative calculation of fertilizer value is then performed,

Sampie Weight assuming Typical fall Calculated value
lab test results 8.35 Ib/gal 1980 retail prices as fertilizer
Nutrient ppm %% 1b/1000 qal $Nb $/1000 gai
N 6000 0.60 50.1 0.258 12.92
P 1100 0.1 9.2 0.249 2.29
K 2200 Q.22 18.4 0.135 2.48
$17.69

Estimating Potential Value of Effluent as Fertilizer

rates will also vary with weather, soil type, and ap-
plication method. .

The previously described Kaplan Industries fa-
cility in Florida has demonstrated the possibility
of using effluent to reclaim marginal farm lands,
The installation is located on an abandoned phos-
phate mine with “ruined" soil-that supports little
or no piant life. Land application of digester effiu-
ent, however, has produced very promising recla-
mation results.

Digester Effluent as Feed
Replacement

Dried poultry waste has been used for years
by some feedlot operators as a replacement for a
smalil fraction of feed for beef cattle. Federal Drug
Administration (FDA) objections to this practice
motivated the longstanding practice of shipping
this material interstate as “fertilizer” rather than
as feed. Research failed to confirm any adverse




At the Lamar, Colo., biogas test site. effluent from the digester is centrifuged and the liquid portion is saved for fertilizer. The
solids are sundried and stirred with the power rake as pictured in the photo on the left, or air dried in a grain dryer; they also ¢an
be ted wet silage. As participants in controlled feed triais, the cattle, in the photo on the right, are eating a treatmant ration which
has 10% digester solids replacing alfaifa. Photos: Biogas ot Colorado

health consequences of refeed, however, so after
a period of “looking the other way” FDA an-
nounced in February 1980 that it was rescinding
its objections to the feeding of wastes to beef cat-
tle. Regulation is now left to the states, except

-that FDA will continue to enforce for aduiteration

in interstate shipments. Although soma states still
recognize only poultry waste, an increasing num-
ber are adopting or considering reguiations pat-
terned after the 1980 modei recommended by the
Association of American Feed Control Officials
which covers digester effluent.

Research on the nutritional effects and eco-
nomics of feeding digester sludge to beef cattle is
underway at several locations. Work at the U.S.
Meat Animal Research Center at Clay Center,
Neb., has shown that effluent sludge has about
double the amino acid content of fresh manure
and makes a good protein supptement. The em-
phasis in these tests is on the partial replacement
of soy protein supplement, much enhancing the
overall economics of biogas production for feedlot
operations. The Calorific plant at the 100.000-head
feedlot in Guyman, Okla., is constructing the first
large-scale refeed production operation in the
country, and other, smaller facilities are in the
planning stages in various locations.

Tests at the Imperial Valley Biogas Project
feedlot have shown that centrifuged and sun-dried
effluent feedcake can be directly substituted for
medium-quality alfalfa hay up to a limited fraction
of ration without affecting normal beef carcass
weight gain. Feedcake was substituted in feed
trials at 6% and 12% of a high-energy finishing ra-
tion composed principally of rolled barley. Resuits
led to the final determination that 9% feedcake
was comparable in energy value to 9% alfaifa. One
phase of current research is aimed at reducing the
ash level in effluent to derive a feedcake with
higher nutritive value. Also, centrifuge efficiency is
being raised from the customary 60% by usinga
polymer flocculant with the expectation of increas-
ing the protein ievel of the feedcake. Tests are
underway comparing raw manure with cake as a
feed material. Experimentai results at Imperial
Valley suggest that a closed-loop, feed-refeed
system makes economic sense for a medium-
scale feeder operation. More information on the
Imperial Valley feed tests can be found in Dr.
Michael Prokop's article on manure fermentation
residues, listed in the reference section of this
booklet.

Véry favorable results from feeding anaer-
obic residues have aiso been reponted from re-
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search conducted at the Lamar-USDA biogas test
site at Lamar, Colo. Digester residue was success-
fully substituted in feed trials for aifalfa pellets
and part of the hay ration, with compensatory ad-
justment in the supplement. Also, recent work has
shown that centrifuged effluent can be success-
fully mixed at a 3% dry-basis proportion with
silage for same-day feeding. The acidic silage has
a neutralizing effect on the slightly alkaline
residue, resulting in a sweet-smelling mixture
which cattle reportedly seem to like. Details are

given in the Four Corners Regional Commission -
report listed in the reference section.

Refeeding is a rapidly growing area of inter-
est. It is especially important to beef cattle feed-
ers considering biogas production because the
value of effluent can dramatically affect the overall
economic feasibility of a digester instailation. For
many operations the feed value of digester efflu-
ent may actually be greater than the value of
biogas produced.



Cosis and Savings

Even for the enthusiastic farmer inspired by
prospects of energy self-reliance, the critical ques-
tions concerning possible investment in a bicgas
system are: ‘What will it cost?" and “Will it pay?”
The following items should be considered in an
investment analysis, though not all of them can
safely be assigned dollar figures.

Item Cash Flow

Capital costs Site-dependent. Cost of the
digester system itself can be
estimated and manufacturers
and consuylting firms are now
offering quotations. Discussion
follows.

Operation and
maintenance costs

Variable but not high, Farmer
must decide how to charge for
extra time necessary to
operate and maintain system.

Site-dependent but can be
estimated. A procedure is sug-
gested below.

Energy cost savings

Effluent value Depends upon present manure
handling system and proposed
use of effluent. May be signifi-
cant but no dollar estimates

are offered here.

Environmental
enhancement

Depends upon present situa-
tion and needs. Value of odor
control or stream pollution
abatement may be high in
some cases, but no estimates
are offered here.

Capital Costs

Unfortunately, the often experimental nature
of most U.S. biogas instailations to date has lim-
ited the availability of verifiable capital cost and
energy savings information, The object of this sec-
tion is to provide a frame of reference for making
cost or cash flow projections and for comparing
system proposals by consultants or manufac-
turers.

It is impossible to estimate with precision
how much a digester system should cost given
only the type and number of animals. As with an
investment in a new milking parlor, farrowing
house, or hatchery, the system specifications and
costs will be a function not only of the farmer's
needs but also of the farmer’s desires. Even equip-
ment bare minimums will vary with each applica-

-+~ - tion, depending on such factors as adaptability of

the existing waste management system, operating
layout, and intended use for the biogas.

When estimating equipment requirements
and costs, it is important to think of a biogas in-
stallation as a total system rather than to deal with
components separately. This improves the overail
estimate, provides a systematic basis for compar-
ing alternatives, and reduces chances for unpleas-
ant surprises that sometimes occur when careless
assumptions are made or required system compo-
nents are overlooked. A worksheet (see Appendix
A) can be used as a checklist during system plan-
ning and to assure an apples for apples com-
parison when evaluating alternate system propo-
sals. (For completed sample worksheets, see Ap-
pendix B).

A growing number of competent consult-
ants and manufacturers are prepared to offer plan.
ning assistance and capital cost estimates for sys-
tems meeting individual needs and specifications.
Itis a good idea to get more than one estimate
and to check the credentiais of any potential con-
tractors. In addition to the many knowledgeable
people available to assist in the various planning
and construction phases—from feasibility study to
system startup—there are others ranging from the
conscientious but inexperienced to the outright
incompetent.

The rapidly expanding nature of the budding
biogas industry suggests caution in a dynamic
area where cost estimation is a risky business. it
may not be long, though, before it will be possible
to select components and estimate in-place sys-
tem costs from cataiogues, allowing professionals
to concentrate on planning and design, con-
struction, and start-up services. Also, as more owner-
built digesters are completed, with many based on
Cornell’s plug flow design and excavation-
construction recommendations, improved cost in-
formation on this type instailation shouid become
available. Cornell engineers currently estimate the
cost of soil-supported, membrane-covered, plug
flow digester-gas storage systems at less than
one-half the cost of equivalent rigid tank installa-
tions with separate storage. There are many fixed
cost items both system configurations mignt
share, however, depending upon intended gas and
effluent usage, so total comparable system costs
will vary less significantly. Also, construction,
labor, and long-term maintenance should be con-
sidered in cost comparisons.

An increasing number of states are offering
tax credits for investment in conservation mea-
sures and renewable energy systems. Respective

- state enerqy offices have information on programs



Savings from use of biogas are in proportion to the cost of fuel avoided. Biogas would be worth -
“more to a farmer replacing propane or fuel oil than to one replacing natural gas. in the extreme, it would
likely be worth nothing to an operator with a private gas well behind the barn. The table below presents

dollar values of various fuels and electricity on a Btu basis.

Fuel Assumed Assumed Cost per
unit price Btu/unit million Btu

Naturai gas $4.50/1000f1° 1,000,000 $ 450
Wood 100/cord 15,000,000 6.67
Fue! oil’ 1.25/gal 140,000 8.92
Propane 0.90/gal 91,500 9.84
Gasoline 1.40/gal 125,000 11.20
Electricity 0.05/kWh 3.412 14.65
Ethanol 1.90/gal 80,000 23.75

Estimating Rates of Savings from Fuel Replaced

which apply to biogas production. At the federal
level, in addition to the reguiar 10% investrnent
tax credit, the 1980 Windfall Profits Tax Law ex-
tended availability of the 10% business energy
credit for biomass energy systems. This credit ap-
plies to that portion of digester system investrment
which can be shown to be specifically for the pur-
pose of energy production. Complete information
can be obtained from any local office of the Inter-
nal Revenue Service,

A meaningful economic analysis would re-
quire estimates of operation and maintenance
costs as well as an escalation rate in energy
savings. Since energy costs are increasing faster
than the generali inflation rate, the first year sav-
ings reflected in completion of the worksheet
represents the least savings to be expected over
the life cycle of the system.

A simple payback analysis can be made by
sequentially subtracting projected annual savings
from the capital cost astimate to see how many
years are required to “pay off” the investment,
This is not the best procedure, however. A
thorough cash flow analysis is recommended to
adequately account for investment and deprecia-
tion tax credits, energy cost escalation rates,
equipment life, and the time value of money,

At least two companies now offer economic
analyses based on information provided by the
farmer. Some of the firms listed in the Information
Sources Section beginning on page 27 have com-
puter programs that provide rapid and relatively
low-cost assessments for all types of farming
operations. Computer output includes cash flow
projections, rate of return estimates, and other in-
formation heipful in bracketing economic feasibii-
ity or in reviewing financial needs with lending in-
stitutions. Other consultants, schools, and exten-
sion offices may also be able to provide a similar
service. It is best to give as complete information
as possible to a tax accountant or bank loan offi-

Energy Cost Savings

Use of biogas to displace purchased fuel pro-
vides only one of several potential cost-savings
from investment in an anaerobic digestion system.
Refeed savings may in some applications exceed
energy cost savings, but only energy is considered
here due to lack of definitive information on refeed
values. The basic approach is to approximate the
annual energy recoverable from biogas produced,
in Btu, and then to estimate how much purchased
fuel or electricity this could replace.

The worksheet presented in Apperdix C is in-
tended as a crude tool for organizing and compar-
ing data on energy usage with projected biogas
energy yields. A farmer wanting to project possi-
ble cost savings will be interested in compieting
the worksheet, but any conclusions should be
drawn with great care. (For a sample workshest,
See Appendix D.) A rescheduling of fuel uses may s r
be necessary to balance production and consump- cer, who should be able to provide guidance on
tion rates in order to take fuil advantage of “on overall system economics and financing alterna-
Paper” savings. Limited gas storage capacity will tives. :
not allow poor planning or careless usage prac-
tices. The warksheet can be modified to suit in-
dividual needs.



Where to from Here?

Biogas production is not for every livestock or
poultry farmer. Most farmers can profit, though, by
studying opportunities to conserve if not to actual-
ly produce energy. Anyone seriously interested in
investing in an anaerobic digester should first sit
back and consider his or her entire farm operation
in perspective. it may be important to sharpen the
way the farm is viewed—and conducted—as an in-
tegrated system. Some operators may even wish
to reconsider the focus or scope of their farm ac-
tivities. An ethanol still, greenhouse, or ice cream
plant may suddenly make sense, for example. If
biogas is to play a role in a farm's future, a well
planned and imaginative system can help to maxi-
mize the benefits. -

Every system should be custom-<rafted to
meet particular needs and individual preferences
and to take best advantage of current farm opera-
tions and practices. A variety of plans are available
for home-buiit systems. It may be satisfying and
less costly to plan and build one’s own system,
especially for small operations, but it would be
foolish if not dangerous to proceed without first
talking with people who have had firsthand experi-
ence with system design and installation. Also,
the advantages of leaving some of the risks and
responsibilities to a consuitant-installer or manu-
facturer should not be overlooked. Consuiltation
with an extension service agent, agricultural
engineer, or consulting firm familiar with biogas
facility design and operation is advised.

Even with the best advice few farmers would
want to consider investment without first actuaily
seeing a biogas system in operation. A visit to a
state agricultural college demonstration facility or
other installation will pay dividends. The digester,
manure and gas handling systems, and overall in-
stallation should be studied for design ideas and
maintenance and safety features found by experi-
ence to be desirable. Also, personnel at these sites
are often able to offer helpful hints on how to best
meet particular needs.

The Agway Farm Research Center in Fabuis,
N.Y. (south of Syracuse), is instailing a digester
system to accept manure from 180 equivalent
mature or lactating dairy cows, The system in-
cludes a 20-ft-tall, 20-ft-diameter silo digester
based on a Pennsylvania State University design
and is integrated with a complete, semisolid ma-
nure storage and handling system. Plans call for
using the biogas to generate electricity and
capturing engine heat for drying effluent to be
used as bedding and refeed for replacement
heifers. The system will be operational in early

An unusually sophisticated, totally automateq biogas system was installea
by Biogas of Colorago in the tall at 1980 on the Evan Leeter Farm in
Carlinvilie, ill. The top photo shows a 150.000 gal. digester tank which
accomodates waste from 1000 confined beet cattle. This is an A.O. Smuth
Aquastore porcelain-coated steel structure, ¢oated with polyurethane toam
insulation. In front of the equipment building at the left is a low-pressure
biogas storage tank. The center photo shows a hydrogen suilide scrubber
at the left, a bowler which suppiies crocess heat, and a master control
electrical panel. The bottom photo spews a 30,000 gal. storage tank wnich
accomogares one and a naift day's biogas production at 250psi. The iagoon
proviges storage tor the liguid ettiuent from the digester untii the tields are
ready o use it as fertilizer.
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mature or lactating dairy cows. Photo: Agway

1981. Visitors to the Research Center will also
have the opportunity to learn about a variety of
other energy saving equipment, practices, and
research projects.

Visitors to southwestern Virginia have an op-

portunity to see a new small dairy digester system
installed during Fall 1980. The system is on the
100-head Otter Run Dairy in Bedford, by Anaerobic
Energy Systems of Bartow, Fla., and is open for
public tours.

Traveling road shows are providing opportuni-
ties for public review of biogas technoiogy. The
Bio-Energy Council and DOE funded Bio-Gas of
Colorado to build and operate a mobile unit, which
toured the South and East in May and June 1980,
The digester, mounted on a 16-ft trailer, is pulled
by a van that can run on either methane or gaso-
line. A solar collector provides heat to the system,
which is fed animal wastes daily when on display.
Tour stops included schools, fairs, technical _
conferences, farmer's co-op meetings, and local
special events, Lack of funding has temporarily
preciuded further travel, but Bio-Gas of Coloraco
is offering seminars and workshops in Colorado
and host states as part of an ongoing educational
program.
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This 20-ft tall, 20-ft diameter silo digester at AQway Farm Research Center in Fabius, New York, accepts manure from 180 equivaient

The California Energy Commission supported
preparation of a trailer-mounted digester by the
University of California at Davis. This display in-
cludes a laboratory facility where samples of influ-
ent and effluent can be analyzed. It was unveiied
at the Bank of America Livestock-Agricultural Sym-
posium in Fresno at the end of May and is sched-
uled to tour four different sites over a one-year
period. Included in the tour schedule are a dairy
farm, a poultry farm, a swine operation, and a
tomato cannery, where biogas production from
food wastes will be demonstrated. The primary
purpose of the tour is to encourage farmers to ap-
ply for no-interest loans for the installation of per-
manent facilities on farms in California. The imper-
ial Valley Bio-Gas Project is aiso available for
tours. To make arrangements, contact Pacific Gas
and Electric Co. in San Francisco.

Pennsylvanians will get the first look at a
mobile digester funded by DOE's Appropriate
Technology Small Grant Program for Region Il
This is a 6000-gal unit, with assorted parapherna-
lia, mounted on a 40-ft semitrailer. The DOE
grantee, Jerome K. McKeown of Lancaster, is
scheduled to introduce the display at the State
Fair in Harrisburg in January 1982. Visits will be



rade thereafter to universities, county fairs, large
farms, and feedlots in cooperation with a program
supported by the Governor’'s Energy Council, the
State Agricuiture Department, and the State Exten-
sion Office. After 1981, the demonstration will
travel to other states in Region IH. _

DOE is sponsoring 11 demonstration projects,
some of which will not be completed until 1982.
These projects involve integrated farm energy
systems and will demonstrate the operation of
digesters in conjunction with other technologies,
such as ethanol production and solar grain drying.
These are described in the DOE program surmmary
document listed in the reference section under
Power Production. Also, DOE is sponsoring a tour-
ing Integrated Farm Energy Systems Exhibit. The
exhibit displays information on various energy pro-
duction and conservation technologies and tech-
niques designed to help farmers achieve relative
energy self-sufficiency. Information on the avail-
ability of the exhibit can be obtained from DOE’s
Office of Consumer Affairs (see the Information
Sources Section). o

Dozens of other installations across the coun-
try are in various stages of completion. Infor-
mation on the status and location of these in-
stallations should be available from iocal county
extension service offices and state energy agen-
cies. The four Regionai Solar Energy Centers also
offer information on demonstration sites and
limited guidance on project planning.

Information Sources

A partial listing of firms and agencies experi-
enced with biogas applications follows. These
may be helpful to farmers interested in obtaining
further information or considering investment in
digester systems.

The list of resource people and organizations
is provided for your information. Neither DOE nor
SERI recommends or vouches for these sources.

Ag Ferm Corp. Provides consuiting, design,

P.O. Box 55604 and turnkey installation
Indianapolis, IN 46205 services for botn biogas and
317/873-6003 ethanol plants. Experienced in
Fred Lindsey all types ot systems including

anaerobic filter digesters.

Agricuitural and Food
Processing Branch
Office of Industrial

Provides information on
demonstration programs
involving alternate and

Programs integrated farm energy
U.S. Department of systems. Has managerial
Energy responsibility for the DOE-
1000 Independence sponsored integrated farm
Ave. energy system demonstration
Washington, DC program,
20585
2021252-2075
Larry Kelso

Wanda Porterfield

Agricuitural Energy

Resource Recovery,
Inc.

124 Arch St.

Lancaster, PA 17603

7171299-6215

Jerome McKeown

Anaerobic Energy
Systems, Inc.

170 N. Florida Ave.

P.O. Box 1477

Bartow, FL 33830

813/533-4161

Elizabeth Coppinger

Associated Engineers
and

Environmental
Scientists

1003 Triphammer Rd.

Ithaca, NY 18450

6071257-7176

Ray Loehr

or

118 Euclid St., NW.

Washington, DC.
20009

202/234-9595

Mark Moser

Bio-Gas of Coiorado,
Inc.

5611 Kendall Ct.

Arvada, CO 80002

303/422-4354

Fred Varani

Susan Scheillenbach

John Downs

California Energy
Commission
1111 Howe Ave.
Sacramento, CA

95825
916/920-6033
Rich Lang
Raiph Chandler

Anaerobic digestion consuit-
ing, design, manufacturing,
and installation services.
Lectures and workshops aiso
provided through area schools
and colleges. :

Provides consuiting, design,
and construction of anaerobic
digestion systems. Also offers
seminars on the use of
digestion in agricuitural
production and processing
operations. Services ranging
from feasibility studies to
turnkey systems are offered.

Design, construction super-
vision, and startup of biogas
systems. Also, consuiting
services in the areas of
animal facility waste manage-
ment and production of
animal feed products from
organic residues.

Consuiting, research, and
design of anaerobic digestion
systems and facilities,
Extensive experience in
designing, building, and
operating pilot plants farm
systems and utility-sized
tacilities and evaluating
alternative uses for biogas
and digester effluent. Now
offering cost estimates and
turnkey instaltations for ail
size farms. Educationai
services available, tailored to
group needs. Seminars
oftered on a regular basis.

Provides general and tech-
nical information to California
residents about anaerobic
digestion ang other energy
technologies.
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Cal Recavery
Systems, Inc.

160 Broadway, Suite
200

Richmond, CA 34804

415/232-3066

Luis Diaz

Clarence Golueke

Ecotope Group
2332 E. Madison
Seattle, WA 98112
206/322-3753
David Baylon

Energy Harvest, Inc.

Suite 602

1735 | St,, N.W.

Washington, DC
20006

202/659-3030

Bud Nageivoort

Energy Management
Utilization
Division

Rural Electrification
Administration

USDA

Washington, DC
20250

202/447-5723

Ken Alexander

I. E. Associates

3704 11th Ave., South

Minneapolis, MN
55407

612/825-9451

Tom Abeles

National Center for

Appropriate
Technology

P.Q. Box 3838

Butte, MT 59701

406/494.4572

Sue Raker

Bob Moody

Feasibility and design of
systems for recovering energy
and materials from residues.
Emphasis is placed upon
integrated farming and

using various processes to
optimize resource recovery.

Provides information and
consuiting on anaerobic
digestion, Built and operated
a digester on a 200-head dairy
for the State of Washington.
Speakers available.

Subsidiary of Sheaffer &
Roland, Inc. Provides
environmental consuiting and
engineering services in the
harvesting of energy from
solar and waste sources.
Experienced in design and
turnkey installation of
digester systems, Other
offices in Chicago and
Denver,

Concerned with techniques of
conservation, alternative
energy, and electrical load
management on the farm.
Provides information to rural
electric cooperatives and
others on questions
concerning interconnections
between utilities and small
power producers wishing to
sell electricity.

Offers computerized energy
and economic analyses for
farms and designs of
integrated energy systems
including solar, alcohol, and
methane.

Provides information and
inexpensive publications on
biogas and ethanoi production
and other solar technologies,
with an emphasis on bringing
integrated energy systems
within reach of the small or
low-income family farm.
Research ang development
assistance, demonstration
projects, and smatl grants
available on a limited basis.

New York State
Energy Office
Agency Building 2
Rockefeller Plaza
Albany, NY 12223

518/474.5874
Ellen Bogargdus

QASIS 2000

Box 1, Admin. Bldg.
University Or.

Rice Lake, WI 54868
715/234-8176

David Ellsworth

Office of Consumer
Affairs )

U.S. Department of
Energy

Washington, DC
20585

202/252-5141

Ron Highnote

Perennial Energy, inc.
P. Q. Box 15

Dora, MO 65637
417/1261-2547

Ted Landers

David Jessee

Solar Energy
Research Institute
1617 Cole Bivd.
Golden, CO 80401
303/231-1000

Southern Agricultural
Energy Center

Coastal Ptain
Experiment Station

USDA

Tifton, GA 31794

912/386-3585

Dr. James Butler

Provides information tp New ]
York residents on anaerobic
digestion and other
technologies for smail-scale
energy or power production.

Provides technical assistance
including feasibility studies
for anaerobic digestion. Also
can provide speakers and lead
workshops for anaerobic
digestion and other solar-
related technologies.

Information under
development on pioneering
education programs and
consumer protection issues
involving community-based
energy programs. Posters ang
information available on the
DOE traveling Integrated Farm
Energy System Exnibit.

Design and installation of
package digester and
integrated farm and industrial
energy systems. Establishing
a network of dealers for local
service. Distributor for
Marathon induction motors
for use with power generation
systems,

Manages and conducts
research and development to
promote the application of
solar energy technoiogies.

Responsibie for a variety of
regional solar energy
programs. In addition to
biomass development work at
Tifton, the Center coordinates
wind energy programs at
Ames, la., and Brushlang, Tx.,
and biogas research at
Columbia, Mo. General
information on the various
programs is available directly,
while requests for specific,
technical information are
referred to the appropriate
research stafts,



Has built a full-scale, 100,000
gal digester for municipal
solid waste. Also has done
some work with local farmers
on the design of anaerobic
digesters.

Systems Technology
Corporation

245 N. Valley Rd.
Xenia, OH 45385
513/372-8077

Joseph Swartzbaugh

U.S. Dept, of Administers a loan program to
Agriculture/FmHA help finance the construction
14th and of anaerobic digesters on

Independence Ave. farms. Will provide
Washington, DC information and technical
20585 assistance for farmers.
202/447-7595
David Salazar
Tom Bergum

Financial Assistance

A number of programs now in operation may
assist a farmer in financing a digester system.

USDA Farmer's Home Administration
(FmHA)

FmHA offers three loan programs to farmers
who cannot obtain bank financing for the con-
struction of a digester system. The Farm Opera-
tions Loan Program has a limit of $100,000. The
term is seven years but can be renewed. The Farm
Ownership Loan has an upper limit of $200,000
and a term of 30 years. Both loans are available at
the standard FmHA interest rate. Also, 90% guar-
anteed loans of larger amounts are available
through the Business and Industries Program. This
program is attractive to banks because the loans
do not affect their reserve requirements,

In addition, FmHA is responsible for admin-
istering a promising new financial assistance pro-
gram resuiting from the Biomass Energy and Alco-
hol Fuels Act of 1980. The aim of this prograrn is
to reduce the nation’s dependence on petroleum
imports by providing direct assistance to farmers
and others for the construction of biomass energy
projects. Both insured loans of up to $1 million
and 90% quaranteed loans are available for terms
of up to 30 years. Details and application forms
can be found in Part XIl of the October 30, 1980
Federal Register. Some state energy offices are of-
fering help to farmers interested in applying for
assistance under this program. For more informa-
tion on this and other loan opportunities available
through FmHA, contact the FmHA office in your
state.

The Department of Energy’s Appropriate
Technology Small Grants Program

This program annually makes grants of up to
$50,000 to support energy-related appropriate tech-
nologies, such as anaerobic digestion. These
grants are for concept development, deveiopment
projects, and demonstration projects. DOE’s Ap-
propriate Technology Small Grants may be made
to individuals, local nonprofit organizations, state
or interstate agencies, local units of government,
Indian tribes and nations, or small businesses.
Average grant size is $12,000. Program information
and grant applications are available through
regionat DOE offices.

Small Business Administration (S8A)

The Federal Water Pollution Control Act
(FWPCA) authorizes the SBA to make loans to
farms that must upgrade manure handling sys-
tems to meet water pollution control requirements,
If the business is likely to suffer substantial eco-
nomic injury without assistance, these Ioans can
be made. Only the eguipment that is necessary
and adequate to comply with the requirements of
the FWPCA is eligible. An entire digestion system
would not be eligible, but the upgraded system
could be designed to incorporate a digester. The
SBA can guarantee a bank loan or make a direct
loan of up to $500,000 at the standard interest
rate. The maximum term for the loan is 30 years.
For more information, contact a regional SBA Of-
fice.

State Programs

Several states are offering tax incentive, con-
struction loan, and other assistance programs for
businesses and individuals aspiring to produce
their own energy. In California, for examptie, the
State Agricultural and Forest Residue Utilization
Act of 1979 established a $10 million fund for the
support of biomass energy development. The state
is offering interest-free construction loans for
various kinds of demonstration projects. Loans for
several biogas installations are expected to be ap-
proved beginning in the fall of 1980. Details on
this and other programs can be obtained from the
respective state energy offices.
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Capital Cost Estimating Worksheet

Estimate For: Prepared By: Seit Consui_tant-Contracxor
Farmer or Farm Name Name |
Address Firm Name
| Address
Phone
Date Phone

Summary Description of Proposed System, Equipment, and Services

Animal Type(s):

Approximate Number(s) in Confinement:

Confinement Facilities Description:

Existing Manure Collection and Disposal System:

Modifications Required, and by Whom:

Intended Use for Biogas:

Summary of Proposal:




e e DL R

Capital Cost Estimating Worksheet (continued)

Specifications

Material
Cost

Equipment
Cost

Labor
Cost

Total
Cost

Manure management
system modifications

Influent delivery system
conveyors, scrappers,

troughs, etc.
Manure pump

Pit pump
Effluent handling

troughs, ditching piping,
pumping, storage tank,

lagoon
Other
Subtotal

Mixing tank or pit with
mix and transfer
equipment

Digester and
accessories

Site preparation
Digester tank

Digester bag

Digester concrete or

blocks

Plastic or rubber bag or

cover
Insujation

Mixer or stirrer

Recirculation pump

Sludge pump
Other

Heating system water

heater or boiler

expansion tank

circulation pump

heat exchanger
piping
Subtotal




Capital Cost Estimating Worksheet (continued)

Item

Specifications

Material
Cost

Equipment
Cost

Labor
Cost

Total
Cost

Effluent handling
equipment

Gas storage and
handling

storage
container(s)

compressor
gas treatment system

piping and winter
protection

traps, valves, gauges
waste gas flare

gas meter

safety equipment
appliance conversion

backup supply
connections

Subtotal

Control system and facilities

control panel
wiring
building
misc.

Subtotal

Optional power
generation equipment

engine-generator set
synchronizing equipment
wiring and controls

backup supply and
equipment

heat recovery equipment
soundproofed enciosure

Subtotal
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) Capital Cost Estimating Worksheet (continued)

Item

Specifications

Materiai
Cost

Equipment
Cost

Labor
Cost

Total
Cost

Optional effluent use equip-
ment for refeed,
bedding, etc.

Other necessary facilities.
equipment, or modifications

Qther optional buildings,
facilities, equipment, or
modifications

Site preparation

Construction supervision.
mechanical checkout, ang site
cleanup

1

System inspection, biological
startup, and initiai monitoring

Operator instruction and
training

TOTAL capital cost for system
installed and operating

Subtotal

TOTAL
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Appendix B

Completed Sample

| Capital Cost
Estimating Worksheet(s)

Three firms responded to requests for quota-
tions on representative biogas systems, Bio-Gas of
Colorado submitted a capital cost estimate for a
1000-head feedlot. Energy Harvest submitted infor-
-mation for a 650-cow dairy, and Perennial Energy
provided costs for a 1500-hog farrow-to-finish
operation.

The three firms had a lirnited time to prepare
the cost information. Bio-Gas of Colorado noted
that an actual proposai would contain more detail,
and Energy Harvest was able only to provide an
overview of their dairy system proposal. Perennial
Energy submitted supplementary energy produc-
tion and savings estimates, and this information
has been included with their proposai,

The systems described are very different from
one another and are not intended for direct com-
parison. This information is intended solely as a
frame of reference for farmers interested in esti-
mating their own system needs or costs or in
comparing alternate proposais prepared specif-
ically for their operations.
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Capital Cost Estimating Worksheet

Estimate For: Prepared By: Self Consuitant-Contractor _X

Farmer or Farm Name _John Doe Name _ John Downs

Address Unspecitied Firm Name Bio-Gas of Colorado

Address 5611 Kendall Ct,

Phone : . ' Arvada, Colorado 65637

Date _August22, 1980 Phone 303-422-4354

Summary Description of Proposed System, Equipment, and Services

Animal Type(s): Beef cattle

Approximate Number(s) in Confinement: 1000

Confinement Facilities Description: Environmental feedlot

Existing Manure Collection and Disposal System: _ Slated floors

Modifications Required, and by Whom: _None

Intended Use for Biogas: _ Residential space and water heating, alcohol still heating

Summary of Proposal: 150,000-gal bolted-steel digester tank with heating and mixing equipment. Manure siurry mix

and feed system. Gas compression and storage system including 20,000-gal low-pressure storage bag and 30,000-gal,

250-psi steel storage tank. Completely automated control system. Mechanical and biological startup services included.

Under assumed midwest climatic conditions a year-round average biogas production equivalent to 240 gal of pro-

pane/day is anticipated.




Capital Cost Estimating Worksheet (continued)

ltem

Material
Cost

Equipment

Specifications Cost

Labor
Cost

Total
Cast

Manure management
system modifications

Influent delivery system
conveyors,
scrappers, troughs, etc.

Manure pump

Pit pump

Effluent handling troughs
ditching piping, pumping,
storage tank, lagoon

Other

Subtotal

Piping and vaives

Submersible pump with hoist

Pipes, valves, and controls

Mixing tank or pit with mix
and transfer equipment
manure settling pit

1700-ft* poured

Digester and accessories
Site preparation

Digester tank

Digester bag

Digester concrete or
blocks

Piastic or rubber bag or
cover

Insulation

Mixer or stirrer
Recirculation pump
Sludge pump
Other

Heating system water
heater or boiler

expansion tank
circulation pump

heat exchanger

piping

Subtotal

150,000-gal, porcelain-coated,
above-ground boited-steel tank

4-in. polyurethane spray

15-hp centrifugal

Forced draft, 500,000-Btu steel
industrial boiler; 30-gal
pressurized bladder tank

11-ft panel coil cylinder, internally
mounted in digester

Black iron, as required
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Capital Cost Estimating Worksheet (continueq)

Item

Equipment
Cost

Material
Cost

Labor

Specifications Cost

Total
Cost

Effluent handling
equipment

Overflow to lagoon

Gas storage and handling

storage
container(s)

compressor
gas treatment system

piping and winter
protection

traps, vaives, gauges

waste gas flare
gas meter
safety equipment

appliance conversion

backup supply connections

Subtotal

20,000-gal, nylon-reinforced
rubber gas bag. 30,000-gal,
240-psig ASME gas storage tank

250-psi 2-stage air compressor
H,S removal

Black iron piping with insulation

Condensation traps, relief
valves, pressure gauge

Automatic

Flare alarm

Furnace dual fuel conversion

Cantrol system and facilities

control panei

wiring
building
misc.

Subtotai

Complete, automated wiring
control module ‘

Optional power generation
equipment

engine-generator set

synchronizing equipment

wiring and controls

backup supply and
equipment

heat recovery equipment

soundproofed enciosure

Subtotal
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'

Capital Cost Estimating Worksheet (continued)

item

Material

Specifications Cost

Equipment
Cost

Labor
Cost

Totai
Cost

Optional effluent use equip-
ment for refeed, bedding, etc.

Other necessary facilities,
equipment, or modifications

Other optional buildings,
facilities. equipment, or
modifications

Site preparation

Construction supervision,
mechanical checkout, and site
cleanup

Complete—no
customer labor re-
quired

System inspection, biological
startup and initial monitoring

Laboratory testing
of manure, biogas,
and effluent

Operator instruction and train-
ing '

Operation hang-
book preparation
and instruction;
On-site training
program for opera-
tion, monitoring,
and maintenance

TOTAL capital cost for system
installed and operating

TOTAL

$181,000




sheaffer & RolANd, iNC.

Chicago Washington, D.C. Denver

Environmental Planning & Engineering + Solor Energy » Resources Management

August 13, 1980

Mr. David G. Palmer

Solar Energy Research Institute
1617 Cole Boulevard

Golden, Colorado 80401

Dear Dave:

After assigning staff people to prepare the information for your
worksheets so that we could det this promised material to vou, I
find that the format Simply does not fit our clrecumstances.
Consequently, I have pPrepared a brief analysis of a Michigan Dairy
Farm system in a form which hopefully can be of use.

The Baum Dairy in Michigan milks 650 cows. It pays about 6,5¢ per
kilowatt hour for electricity with total electricity cost almost
$30,000 this year. It has odor problems from the lagoons where
manure scraped daily from dairy barns and feed areas 1s now stored
before being irrigated or spread on cropland.

Energy Harvest, Inc., of Chicago, Illinois, has designed a plug
flow anaerobic digestion system for this farm. It consists of a
concrete mixing tank with a capacity of 10,000 gallons into which
fresh manure will be scraped, a Flygt manure pump to homogenize
the material as it pumps it to the digester tank, the concrete
digester itself with g capacity of 180,000 gallons and 18 days
retention time, a 30 mil. hypalon bag covering the digester to
collect biogas, a pole barn built over the digester, a 75 Kw dual
fuel engine génerator set to convert the biogas into electricity,
and a building housing the generator equipment,

& Pump to circulate water in the heat exchange system, a Rootes
blowe; Lo increase das pressure, a gas meter to record gas con-
Sumption, a manometer to prevent overfilling of the gas bag, and

the electricea] wiring and switching equipment to provide power to
the farm,

Suite 602. 1735 T Street. NW Washington. DC 20006 (202) 659-3030




Mr. David G. Palmer ~2- August 13, 1980

The turn key cost of this system is $150,000 before tax credits
of 20%. Baum Dairy also intends to purchase a Surge TRU manure
solids separator at about $13,000 for production of bedding
material from the digested manure.

Biogas generation from the digester will amount to about 27,000
cubic feet per day. Burned at a 90-10 ratio with diesel fuel at
20% efficiency the system will produce about 386,000 Kwh of elec-
tricity per year. At 6.3¢ per Kwh this power is worth about
$25,000 annually. Assuming diesel fuel at 90¢ per gallon, the
value of the diesel is about $4,400. With operating costs of

the system at about 2.5% of gross construction costs ($3,750),
the net value of the electricitv is about $17,000. Considering
inflation in power costs about equal to interest rates over the
years, the after tax cost recovery for the system 1s about 7 vears
from electricity generation alone.

It' is necessary, however, to consider also the value of pollution
control for which a dollar value is not determined and the value
of bedding to be produced from digested solids. Because the
bedding is essentially pathogen free it has substantial value for
mastitis reduction.

I will be pleased to fill in any gaps over the phone if it will
be helpful.

Sincerely,
ENERGY HARVEST, INC.

P & Vagplariy

Bernard C. Nagelvoorft
President
BCN/cnl



Capital Cost Estimating Worksheet

Estimate For: . _ Prepared By: Self Consultant-Contractor _X
Farmer or Farm Name ‘ Name __led Landers
Address Firm Name _ Perennial Energy, Inc.
Anywhere, Arkansas Address P.O.Box 15
Phone : Dora, Missouri 65637
Date Phone 417-261-2547

Summary Description of Proposed System, Equipment, and Services

Animal Type(s): _Hogs

Approximate Number(s) in Confinement: _230 sows, 1500 farrow-to-tinish

Continement Facilities Description: Total confinement, farrow-to-finish, hot water in slab heating

Existing Manure Collection and Disposal System; __Gravity “porta-pan” undersiats to lagoon

Modifications Required, and by Whom: _None

Intended Use for Biogas: _Heating hog confinement buildings

Summary of Proposal: An 8000-ft* digester with 6000-ft* 9as storage at 1/4 psi will be placed as a separate building

between the hog buildings and lagoon. Expected average output will be 3.2 MBtu/day net usable energy after digester

heating. Substituting for propane at $0.65/gal nets: it 100% utilized, $8200 fuel return/year; if 60% utilized, 54900 fuel

returniyear. Installed system complete and operating: $24,567.00. Supplemental information attached.
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Capital Cost Estimating Worksheet (continueq)

Material Equipment Labor Total
item Specifications Cost Cost Cost Cost
Manure management system
modifications
Influent delivery system Existing gravity
conveyors, scrappers, “porta-pan’ to
troughs, etc. digestor n/a
Manure pump
Pit pump
Eftluent handling troughs
ditching piping, pumping,
storage tank, lagoon
Qther Piping 100
Subtotal
Mixing tank or pit with
mix and transfer -n/a
equipment
Digester and
accessories
Site preparation Surveying 50
Excavation 750 ft3
(38-ft x 38-ft x 14-ft deep) 950
Digester tank Gravel 25 yards 200
Digester bag 49 corrugated steel galvanized panels 2100
Digester concrete or
blocks
Plastic or rubber bag Perennial DB/B-29-14-10 tank
or cover and cover with baffles, heat
exchanger, and ports 6000
Insulation 4-in. foam in walls, 2-in.
under, and &-in. on top 2940
Mixer or stirrer nia
Recirculation pump n/a
Sludge pump n/a
Other Gravity flow to lagoon
Heating system water Loop from hog house heating
heater or boiler system (see piping beiow)
expansion tank Perennial expansion tank ET-1 10
circulation pump 2-1/20 hp circulating pump 177
heat exchanger Built into digester wall—see above
piping 50-ft insulated pipe 200

Subtotal

to and from digester




Capital Cost Estimating Worksheet (continued)

Material Equipment Labor Total
ltem Specifications Cost Cost Cost Cost
Effluent hanaling
equipment
Gas storage and
handling
storage 2-GS/PW perennial
container(s) storage tanks 1920
compressor
gas treatment system H.S Trap-11 CFM 1440
piping and winter pro- 1-in. polyethyiene
tection gas pipe and fittings 60
traps, vaives, gauges PEl Condtrap, pressure refief
valve and reguiators 120
waste gas flare nia
gas meter 2-200 ft*/min 168
safety equipment
appliance conversion Boiler/water heater conversion 800
backup supply
connections n/a
Subtotal
Control system and facilities
control panei Aqua Stat temp sensor 42
wiring 15
building 8-ft x 8-ft equipment shed 600
misc. 50
Subtotal

Optional power generation
equipment
engine-generator set

nia

synchronizing equipment n/a

wiring and controls

F_lla

backup supply and equip-

ment

nia

heat recovery equipment n/a

soundproofed enclosure n/ia

Subtotal




Capital Cost Estimating Worksheet (continued)

Item

Specifications

Labor Total
Cost Cost

Optional effluent use equip-
ment for refeed, bedding, etc.

n/a

Other necessary facilities,
equipment, or modifications

36-1t x 36-ft
digester housing
and gas pressure
platform

4040

Other optional buildings,
tacilities, equipment, or
modifications

Site preparation

Construction supervision,
mechanical checkout, and site
cleanup

System inspection, biological
startup and initial monitoring

Total labor for all
phases of con-
struction and
startup

5880

Operator instruction and train-
ing

TOTAL capital cost for system
installed and operating

Subtotal

TOTAL

$5880 318,687

$24 567




_léerennial Energy, inc
Job #1011 Engineering Report Customer: Arkansas
Digester Sizing

Manure Volume Qutput at 9.2% solids

finishi . 0.15 ft? av. 75 it?

(500 finishing pigs) W = Jay
, 0.025 ft*av. | 18.75 ft?
(750 tarrow and nursery pigs) 5ig day = ay
32 0.43 ft? av. e
02 sows) | ~Sigaay | = day
107.75 ft?
Total —~~——
day

with 15 day retention

107.75 1t?

i ter si
Digester size day

) 15 = 1616 ft?

‘Nominal size 16-ft x 16-ft x 8-tt digester

Digester Energy Production

Digester Gross Energy Production

140 Ib av.
(600 pigs) | — v | = 70,000 b
- pig
231Ibav,
750 pigs) | ——— | = 17250 1b
( pigs) big
400 1b av.
(32 sows) | 209'03v- ) _ o300 b
30w

100,000 b pig av. weight

17.5 Btu MBtu
G ion = i ST =
ross Energy Production (100.000 1b pig) b pig ady day
Digester Energy Requirement
1 Btu 24 hr | Btu
Skin Loss-Wall f _ R Fy = ——
alls (16 ft) (8 ft) (4) ( B E T ) day (35 *F) = 26,800 day
1 Btu 24 hr Btu
Floor (16 ft) (16 f)| ——— -— ) = 2 _—
( " t)( 81t °F hr ) day (35 °F) 6,800 day
1 Btu 24 hr

Btu
(90 °F) = 27.644 —

Top (peak) (16 ft) (16 ft)( 3
ay

201t °Fhr | | Qay

Box 15 - Dora, Missouri 65637 « Phone (417) 261-2547




d%@renniaﬂ Energy,inc

' 1 Btu 24 hr 60 °F 18.524 Btu
Top (average winter) O, day ( ) = 18, day
1 Btu 24 hr 5 °F Btu
—— ———— ° = 4631 —
Top (average summer) 20T F hr oy (1 ) 63 day
Btu
Winter peak = 81,400 ——
day
Btu
Winter average = 72,124 ——
day
Btu
Summer average = 538,231 ——
day
Influent heating
107.75 ft? 651b 0°F 280.000 Btu
day ftd (40 °F) = 280. day
Btu
Total winter peak = 361,400 —
day
Btu
Winter average = 352,124 ——
day
Btu
Summer average = 338,231 —
day

Net Monthly Energy Produced in Gallons of Propane =

30.5 day
month

0.35 MBtu \

0.7 eff.day '

; MBtu
’ 0.0925 MBtu

day

( 1 gal propane

412 gal propane
- month

Box 15 - Dora, Missouri 65637 « Phonae (417) 261-2547
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J%’erenniaﬂ Energy, inc

Propane Used

Net Digester

1979 in Energy Production
Farrow and Nursery Reducing Propane Bill

“Jan. 1000 412

Feb. 1000 412

Mar. 500 412

Apr. 400 400

May 500 412

June : 250 250

July 250 250

Aug. 250 250

Sept. 250 250

Oct. 500 412

Nov. 1000 412

Dec. 1000 412

TOTAL 6900 gal 4284 qal propane produced per year

year

4282 qal $0.65 $2785

( gal propane) —-—-—gal year

Solar Collector Energy Production

1000 Btu 30.5 days 32 MBtu
220 ft? . i = —_
( ) day 18 month (8 months) (0.6 sunshine day) vear
32 MBtu 1 gal propane $0.65 $320
= — produced
year 0.7 furn. eff. 0.0925 MBtu gal propane year

Box 16 - Dora. Missouri 65637 e Phone (417) 261.2547
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! l%'erenniaﬂ Energy, inc

Energy Demand/Digester Energy Supplied

(24,861) (30.60/gal) = 314,918 (655.500 kWh) (30.042/kWh) = $27,500

$27,300

-14918

$42,418 reduction in utility
billsiyear

Digester Digester
Average Supplied Average Supplied
Propane Equivalent Electrical Equivalent Digester
Usage Energy Usage Energy Cannot
Month (gal) MBtu/day (kWh) {(kWh) Supply
Jan 4,500 13.87 46,000 37.657 8,343
Feb. 2,700 8.32 47,000 53.224
March 800 5.55 48,000 61,008
Apr. 1,000 3.08 56.000 67.937
May | 500 1.54 55,000 72,257
June ’ 500 ) 1.54 55.000 72,257
July 600 1.85 61.500 71.287
Aug. 750 2.3 68,500 70,097
Sept. 780 2.40 77.000 69.845 -7.185
Oct. 750 2.31 61.500 70.097
Nov. 1,550 4.78 53,500 63.170
Dec. 4,000 12.33 49,000 41,981 -7.519
19,430 678,500 -23,000
+5.431 gallyear -23.000
24,861 655,500
gal = total replaced digester
by digester can supply

Box 15 - Dora, Missouri 65637 e Phone (417) 261-2547
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Appendix C
Energy Cost

Savings
Worksheet
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Farmer or Farm Name Prepared by
Location Dale
Energy Cost Savings Worksheet
Energy Producible per Manih J F M A M J J A S O N D YR

1. Number ol animals available (List only those in
cuntinemenl al specific limes ol 1he year).

2. Biogas producible daily per antmat {Irom Tabte)
x No. ol ammats
= cubic lest gas producible per day

3. x 600 Btu per cubic fool
= Gross Blu producible per day

4. x 30 days per month
= Gross Blu producible per month

5 - % ol yas needed to heal digesler {base astimate on
wedlher and digesier desigo}
= Net Btu producible per month

6. Natwal Gas: Monihly Dilled cost

7. - cost pes unil: hundred cubic teel, lhousand cubic leel,
Iherms (check biting or with utility) _
= Unns used per month

B. x Blu content per unit {Check bilhing or with
ublilyj [
= Btu consumed per monlh

9. Propane or Bulane Monihly billed cosli

0. - costperund ____
= Unils used per month

1. x Blu conlenl per unil {91,500 Bluigalt for propane;
102,600 Btuigal for bulane) ___
= Blu consumed per monin

12. Fue! 01t Monthly billed cosl

13 - cusl per wt
- Utnts used per month




LS

Energy Cost Savings Worksheet (conciudea)_

Energy Producible per Month J F M A M J Jd A S o N

¥R

14.  x Blu conlent per unit {14G,000 Btulgal tor 82 oIy _
= Biu consumed per month

15. Sum ol lines 8, 11, and 14
= Toulal Btu conswned per monath

16. Gross Blu producible per manih {cogy line 4}

17. = 17,000 Blu per kWh {assuming a 20% conversion
efficiency)
= nel kWh producitle per month

Etectncity Consumption per Monih

18 Cosl per Month

19 - cost per kWh
= kWn consumed per manlh

20. Summary ol savings available {musl caiculaie)

Notes:

t il direct burning of biogas for healing is anlicipaled, complete lines 1-15.

2 Compare lines 5 and 15. I the enlry tor line 5 exceeds the enlry tor line 15 lor any month, the polenlial hrst year savings lor inal month is the sum of ines 6,
8. and 12 11 1he enley lor e 15 exceeds Lhe enlry 1or line 5, compare the eniry for line 5 successively with the vndiies lur iiies B, 11, and 14 1o deternine the

extent ol parhal repiacemenl of exisling luels polentially availlable. Polential lirst year savings are proporlional Lo tuel displacement levels.

3 If elecincity production only is conlemplated, complele tines 15 and 16-19 The projecled lirs| year savings are propodliondl 16 the lrachon of line 19 enlnes
tepresented by hne 37 enties, up 10 Ihe present cosls stown 1n line 18

4 Usage rates may vary widely over a monlh's period. I} hucluations exceed capacily of pas slorage, aclual munihly savings will be mited by Ihe ability 1o
Mmalch praduction and usage rates



The following example assumes a dairy opera-
tion with between 160 and 200 cows confined
throughout the year. Since some calves and heifers
are included in these numbers, the average animal
weight is assumed to be 1000 Ib. The fraction of
biogas production required for digester heating
varies monthiy, and estimates are based on the
local climate and test data from the digester
manufacturer,

Naturai gas is not used on this farm, and fuel
oil use is limited to vehicles and field equipment.
Monthly costs for propane are listed and Btu/month
usage rates are calculated as shown.

Comparing lines 11 or 15 with line 5 indicates
that biogas producible would easily displace pro-
jected propane use each month. If propane replace-
ment is to be the only biogas use, then monthly and
annual energy savings are equal to the cost of pro-
pane replaced. Since projected biogas production
far exceeds levels required for propane replace-
ment, especially in the summer months, additional
gas usages should be considered. For example, an
alcohol still or power production might be
investigated.

Although the savings shown in this example
do not reflect potential savings from electricity
generation, the relevant data have been provided to

Appendix D

Energy Cost
Savings
Example

allow consideration of this aiternative. The
numbers in this case clearty show that the poten-
tial savings from power production alone are less
than for propane replacement alone, so an extra in-
vestment in generation does not appear attractive.
However, depending on the pattern of kWh use,
both electricity generation and propane repiace-
ment may make sense.

Considering July as a sample case in which
perfect use of generated efectricity is assumed,
126,720,000 Btu are available and, if fully used. can
generate 7453 kWh, although only 5200 kWh are
needed. By simple proportions, 88,412,544 Btu
(52007453 x 126,720,000), or about 70% of the
total available, could be used to generate 5200
kWh, leaving 38,307,456 Btu unused. If 15% is
required for digester heating (depending on the
overall contribution from the engine heat
exchanger), 32,561,338 Btu wouid be available as
propane replacement. This amounts to about 32/38
of July's demand, for a savings of $214. Under this
scenario, totat savings (electricity plus propane) for
July would be $474; $224 greater than for propane
replacement alone. Similar calculations could be
made for the remaining months, allowing analysis
of the rate of return for an incremental investment
in electrical generation equipment.
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Farmer or Farm Name Rf‘ford"ﬁ Guernsev

Location {25 Asssmbltf Place, Hardens £ur3 Oornets!. NY

Energy Cost Savings Worksheet

Prepared by DGPL

vate_ 4/1/81
F

Energy Produclibte per Month J

M

M

1. Number ¢! animals available 200
[Lis1 only those in conlinement al specilic limes of Lhe
year).

200

200

200

180

180 160

160

160 180 200 200

2. Biogas producible daily per animal {lrom Table) 8800
x No. ol animals
= cubic leel gas producible per day

8800

8800

a8¢0

7920

7320 7040

7040

7040 1920 8800 8600

3. x 600 Btu per cubic fool 5.280
= Gross Btu producible per day’

5280

5.280

5.280

4752

47152 4224

4.224

4224 5752 5280 5.280

4. x 30 days per month 158.400
= Gross Btu producible per monih'

158 400

158.400

158.400

142 560

126720 126.720

126.720

126.720 142.560 158.400 158.400

5. ~ % of gas needed to heal digesier 45%
(base eslimate on weallier and Jigesier design)
= Met Blu producible per month* 87 120

50%

79 260

40°%

95040

0%

110 880

25%

106 920

20% 5%

114000 107.712

10%

114 048

15% 5% 55% 40%
102.960 95040

107 712 106.920 102.960 95.040

6. Nafural Gas. Monthly bilted cost

7.+ cosl per unil: hundred cubic feel, thousand cubic feat,
therms {check billing or wilh utility) __  _
= Units used per month

8. x Btu content per unit [check billing or with
Wity _ _
= Btu consumed per monih

8. Propane or Butane: Monthly bilted cost

420

460

420

KL

3s0 300

250

200 240 280 320 380

10. = cost per unit 0-6/gal
= Units used per month

700

766

700

630

582 498

415

332 389 465 5 632

11, x Biy conlen per unil {91500 Btufgatl lor propane;
102,600 Biuigal for bulane) 91,500
= Btu consumed per month

64 050

70.089

64 050

57.828

52253 45567

12. Fuel Ot Monthly billed cosl

7972

0378 38417 42547 48585 57.828

13 - costperunil
= Unils used per month




L9

Energy Cost Savings Worksheet (concluded)

Energy Producible per Month Jd F M A M J J A S o] N M) YR
14, x Blu content per unll {140,000 Blufgal for #2cily ___
= Blu consumed per month
15, Sum of lines 8, 11, and 14
= Tolal Blu consumed per month 64.050 70089 64.050 57828 52253 45 567 37972 30378 36417 42547 48.585 57.828
16. Gross Blu producible per monlh {copy line 4) 158.400 158400 158400 I158.400 142560 142560 126720 126720 126760 142560 158 400 158.400
17, + 17,000 Blu per kWh {assuming a 20% conversion
elliciency)
= n&t kWwh producible per monlh sn7 an7 937 g7 BaBsS 8385 7453 7453 7453 6000 6800 7200
Eteciricity Consumption per Month
18. Cosi per Month J60 360 340 320 300 280 260 260 280 300 340 360
18. -+ cosl per hwn 005
= kWh consumed-per month 7200 7200 6800 6400 6000 5600 5200 5200 5600 6000 6800 7200
320 380 4000

20. Summary of savings available [musi calculate] 420 460 a0 380 350 300 250 200 240 280

'In million Btu

Notes:

1. )l direct butning of biogas for healing Is antlcipaled, complete llnes 1-15.

2. Compare lines 5 and 15. If the entry for line § exceeds the entry lor ling 15 tor any month, the potential firsl year savings for thal month is the sum of lines 6,
9, and 12 1l Ihe eMry tor line 15 axceeds tha entry for line 5, compare the entry lor line 5 successively with Lhe entries for lines 8, 11, and 14 10 delermine 1he

extent of parlial replacement ol exishing fuels polenhially available. Polentiat lirsi year savings are proporlional 1o 1uel digplateiment levels,

3. It electricity production only is contemplated, compiele lines 1.5 and 16-19. The projecled lirsl year savings are proporiional Lo Ihe fraclion ol line 19 enlries
represented by ling 17 enines, up 1u the presaM costs shown In line 18,

4. Usage rales may vary widely over a monlh's period. i fluctualions exceed capacity of gas storage, actual monthly savings will be limiled by Lhe ability 1o
malch produclion and usage fates.



Appendix E

Energy
Requirements,
Farm and Home

Energy conservation begins with thorough
knowiedge of energy use. The following tabies,
based on the most reliable data available, show
common farm and home energy requirements.
Keep in mind, however, that energy needs vary
from farm to farm.

Table 1 contains estimates for the average
quantity of gasoline or diesel fuel required for
most field operations used to produce corn, soy-
beans and forage. The figures include only the
fuel required for actual field work; no allowance
is included for machine preparation or travel to
and from the field. Because fuel consumption for
each specific operation varies among tractors,
soil types and other factors, actual fuel re-
quirements may fluctuate as much as 35 percent
from the values listed in the table.

Values for tillage machines are calculated
for loam soiis. If your soil is heavier, fuel values
should be increased slightly. Values are com-
puted for 7-inch plowing depth and 4- to 5-inch
operating depth for other tillage machines. Field
speeds are assumed to be 4 to 5 mph for all
tillage operations, S mph for planting and spray-
ing, 4 to 5 mph for forage harvesting machines
and 2.5 mph for corn and soybean harvesting.
Values for row crop operations are calculated for
30-inch rows and should be adjusted for other
row widths. All values are estimated by assuming
efficient materials handling in the field, proper
tractor weighting to keep wheel slippage betow
15 percent, properly tuned and adjusted tractor
engines, and efficient part-load tractor operation,

'Reprinted with permission from Farmirig with Amoco, 1977, No. 6, a publication of Amoco Qil Company,
Chicago, IL.

63



Table 1. Energy Requirements - Field Operations (gaiions per acre)

Fuel Type
Field Operations Gasoline Diesel
Tillage
Shredding cornstalks 0.90 0.60
Moldboard plow 2.70 1.90
Chisel plow 1.70 1.20
Offset gisk 1.35 0.95
Powered rotary tiller 2.30 1.60
Tandem disk, plowed field 0.95 0.65
Tandem disk, tilled field 0.80 0.55
Tandem disk, cornstalks 0.65 0.45
Field cultivate, plowed field 1.18 0.80
Field cuitivate, tilled field 1.05 0.75
Spring-tooth harrow, plowed field 0.70 0.50
Spring-tooth harrow, tilled field 0.65 0.45
Peg-tooth harrow, tilled field 0.25 0.15
Planting (30-inch rows)
Planter only, tilled seedbed 0.45 0.30
Planter wifert, and pesticide attach,, tilled seedbed 0.70 0.50
Till-planter (sweep) 0.60 0.40
No-till planter (fluted couiter) 0.50 0.35
Harrow-plant combination 1.15 0.80
Rotary strip-till-piant 1.50 1.05
Grain drill 0.50 0.35
Fertilization
Anhydrous ammonia (30-inch spacing) 0.75 0.55
Weed Control (30-inch rows)
Sprayer, trailer type 0.10 0.07
Rotary hoe 0.25 0.15
Sweep cultivator 0.65 0.45
Rolting cultivator 0.60 0.40
Sweep cuitivator, widisk hiilers 0.70 0.50
Powered rotary cultivator 1.00 0.70
Harvesting
Cutterbar mower 0.55 0.35
Hay conditioner, trailed 0.55 0.35
Mower-conditioner, PTQ 0.85 0.60
SP windrower 0.80 0.60
Rake 0.35 0.25
Baler 0.65 0.45
Stack-forming wagon 0.70 0.50
Forage harvester
Green forage 1.35 0.95
Haylage 1.80 1.25
Corn silage 5.20 3.60
High moisture ground ear corn 2.75 1.90
Forage blower
Green forage 0.50 0.35
Haylage 0.35 0.25
Carn silage 200 1.40
High-moisture ground ear corn 0.65 0.45
Combine, soybeans 1.70 1.10
Combine, corn 2.35 1.60
Green forage 0.55 0.35
Haylage 0.30 0.20
Corn silage 2.00 1.40
Corn grain 0.30 0.20
Soybeans- 0.12 0.08



Table 1. Energy Requirements - Field Operations (conciydeq)

Fuel Type
Field QOperations Gasoline Diesel
Hauling, add following values to those above for each additional mile on gravel
Green forage 0.20 0.14
Haylage 0.20 0.20
Corn silage 1.30 0.90
-Corn grain 0.20 0.15
Soybeans 0.07 0.05

Source: lowa State University

Table 2. Energy Requirements—Livestock Production

Gallons per animal

or 100 birds
' Animal Feeding Period Gasoline D;SZ:" LP gas
Swine Raise 1 pig to market including feeding of sow and boar 0.40 0.30 0.50
Dairy Cow milking 9,000 ‘b milk/yr 1.00 0.75 1.20
Cow milking 12,000 ib milk/yr 1.35 1.00 1.60
Heifer—1 year 0.40 0.30 0.50
Beef Steers—grown from 400 to 1,200 Ib 1.80 1.30 2.15
Heavy steers—grown from 700 to 1,200 ib 1.00 0.75 1.20
Heifers—grown from 400 to 850 Ib 1.35 1.00 1.60
Yearlings—grown from 650 to 1,200 Ib 1.75 1.25 2.10
Cows—winter and raise caif to 400 |b 0.90 0.65 1.10
Sheep Lambs—native, from birth to market 0.60 0.45 0.70
Feeder lambs—50 |b to market 0.125 0.10 0.15
Pouitry  Raise 100 broilers from birth to market 0.75 0.55 0.90
Raise 100 puilets from birth to laying 2.70 1.95 3.25
Layers from 1 year—100 birds 7.50 5.40 9.00
Raise 100 turkeys from birth to market 7.50 5.40 9.00

(Includes all fuel used to remove feed from storage, process, and deliver to feeders)

Source: lowa State University




Table 3. Energy Requirements —Manure Removal

Gallons of fuel used
per animal produced

Diesel

Gasoline fuel LP gas
Cleaning beef feedlots with bedding used in housing--Per animal marketed 2.25 1.60 2.70
Cleaning beef feediots, no bedding used in housing; for feedlots holding up to 1,000 cat-
tle at one time—Per animal marketed 1.25 0.90 1.50
Cleaning beef feedlots without housing, 1,000 to 4.999 cattle on feed at one time—Per
animal marketed 0.50 0.35 0.60
Cleaning beef feedlots, without housing, over 5,000 cattle on feed at one time—Per
animai marketed 0.40 0.30 0.50
Cleaning diary lots with bedding used in housing (includes scraping lots) per year—For
each miik cow in herd 6.75 485 8.10
Cleaning dairy buildings with liq;.lid manure collection, storage and hauling—For each
milk cow in herd ' 9.00 6.50 10.80
Cleaning swine confinement finishing barns with liquid manure system, haul and
spread--Per pig raised to market 0.40 0.30 0.50
Cleaning swine finishing barns and lots: may be added—Per pig raised to market 0.30 0.22 0.35
Cleaning sow housing, per year (includes cleaning farrowing house) 260 1.90 3.10

Source: lowa State University




Table 4. Energy Requirements—Other Farm Operations

) Capacity Estimated
Equipment hp or W kWh
Barn cleaner 2-5 hp 25-40 per mo
Brooder (hogs) 250 W 1per4h
Electric fence 7-10 W 7 per mo
Feed grinder (grinder blender) 2-7 12 hp 3-7 per ton
Feed mixer 1-7 112 hp 1 per ton
Grain drier (heated air) 5-40 hp 15-40 per 100 bu
Grain drier {natural air or supplemental heat) 3712 hp 50-150 per 100 bu
Grain elevator (auger) 127 112 hp 4-5 per 1,000 bu
Grain elevator (bucket) 1/2:7 112 hp 2-3 per 1,000 bu
Hay curer, heated air 5-10 hp 10-15 per ton
Hay curer, naturai air 5-10 hp 40-60 per ton
Milk cooler 1/2-5 hp 1 per 100 Ib. milk
Milkhouse space heater 1,000-3,000 W 800 per yr
Milkers, portable or pipeline 1-3 hp 36 per cow per mo
Silage conveyer 1-3 hp 1-4 per ton
Silo unioader 5.7 12 hp 4-8 per ton
Stock tank heater 250-1,500 W 90-500 per mo
Ventilator (dairy and beef) 1/6-1/12 hp 1/4-1 per day per 1.000
Ib animal weight
Ventilator (hogs) 1/8-1/3 hp 1/3-1 per day per 1,000
ib animal weight
Ventilator (milkhouse) 100-200 W 10-25 per mo
Water heater (milkhouse) 1,000-5,000 W 1 per 4 gal
Yard light 100-500 W 10-50 per mo
Yard light (automatic) 175-450 W 60-150 per mo

Source: University of Minnesota
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Table 5. Energy Requirements —Home Electrical Equipment’

Approximate Average Approximate Average
Appliance wattage kWh/mo Appliance wattage kWh/mo
Air conditioning (central) 2-5 tons 2,000-5,000 Heat lamp 125-250 2
per season Heater, portable 600-2.000 15-30
Air conditioning (window) %-2% tons 800-2,500 Heating pad 50-150 1
per season  Hot plate 500-1.650 10-30
Baby bottle warmer 100-500 1-4 House heating 10 per ft2 12-15 per
Blanket, electric 100-200 25-50 tloor area season per
Blenager, food 200-300 1 heated ft? Hioor area
Bottle sterilizer 500 15 heated
Broiler 1,300-1,600 15 Humiditier, furnace 10-200 2-30
Can opener 175 1 Humidifier, portable 150-300 25-50
Casserole 1,500 20 Incinerator 600 10
Cleaner, air electronic 40 10-25 Iron, hand (steam or dry) 1,000-1,500 12
Cleaner, vacuum 400-1,200 5-10 Knife, electric carving 100 6
Clock 3-10 28 Knife sharpener 125 Ya
Clothes drier (electric ele- Lighting, home 7'%-300 250-800
ment) 4,500-6,000 75-100 (bulb size)
Clothes drier (gas heated, Mangle 1.000-1,500 8-15
electric control) .200 48 Mixer, food 100-350 1
Coffeemaker 600-1,000 3410 Pasteurizer. '; gal 1,500 10-40
Coffee percolator 300-600 3-10 Projector, movie 300-1.000 3-10
Cooling, attic fan %-Y hp 60-90 Projector, slide 250-750 3-8
Corn popper 450-1,300 1 Radio console 100-350 5-15
Deep fat fryer 1,000-1,500 10-15 Radio, table 40-100 5-10
Dehumidifier 300650 100 Range 8,500-16,000 100-150
Dishwasher (with electric Record player, hi-fi stereo 75-100 1-5
heating element) 1,000-1,600 30-45 Refrigerator, conventional 250-500 5-100
Dishwasher (without Refrigerator, freezer com-
heating element) 250 10 bination 300-750 100-150
Electronic oven 3,000-7,000 100 Roaster 1,000-1.600 10-40
Fan, portable 35-210 4-10 Sandwich grill 650-1,200 6-12
Floor polisher 200-400 1 Sewing machine 75-100 1-2
Floor washer 425 1 Shaver 12 Yo
Food blender 200-300 ‘h Skillet 1,000-1,350 5.20
Food grinder 500 2 Suniamp 250-500 3
Freezer, food (5-30 ft?) 300-800 75-250 Television, black ang white 100-450 10-120
Freezer, ice cream 50-300 % Television, color 500-600 45150
Frypan, electric 1,000-1,500 5-10 Toaster, two-slice 1,000-1,200 46
Furnace, gas (electric con- Toaster, four-slice 1.600-1,800 8-10
trol) 25 12-25 Vaporizer 400-850 4
Furnace, oil (electric con- Warfle iron 550-1,300 1.2
trol) 300 40-80 Washer, automatic 300-700 3-8
Furnace, blower 300-600 200-450 Washer, conventional 100-400 2-4
Garbage disposal 400 1-2 Water heater 1,200-5,000 200-400
Griddle, automatic 1,000-1,500 10 Water pump (deep) A-1 hp 1060
Grill 650-1,200 5 Water pump (shailow) Y 5-20
Hair drier 200-1,200 %6

"The figures represent average consumption for a family of four or five under normal conditions.

Source: University of Minnesota
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5

Metric Conversion Table

To Convert To Muitiply By
Length

in. ¢m 2.54

ft m 0.305

miles km 1.61
Volume

ft2 m? 0.028

busheis m? 0.035

gal litres 3.785

(1073 m3)

Pressure

psi Pa (N/m?) 6.895
Mass

by kg 0.454
Temperature

°F ) °C % (°F-32)
Energy

Btu jouies(J) 1055

Btu kWh 2931 x 10~

Btu calories 252
Power

horsepower (hp) kW 0.746
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